m£ 




^iLc*Ji jjjiajj pji"*"* JjoUJl SjlJ^I 
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44 J& 



: Jlsuj i 4-LTe.iaj 4Jl (jyicj JiA^ta (tfJuu (jr u V (jjo (jyic a^LlxJIj a\I ,^.1Ij < oJuvj «UJ JlajsJI 

(JJljIu (jyic Bj^LSJI ijjjJLI 4_di3jJI j \|j^-,ii ^JjjiQj (JT i^JLIj ^* SUJI (_xjjj.lii! <LaL*JI 4 1 ii i njJLI ^iiuj 

JLiu «UJI (jj-*-;i J ' ^"' 1 :^gj-q-Liil aJlSUJI 4 L^g f-^-s ^- LaJua jlj-cTn-uVI (_>>•! (j-a (jL^jVlj pJL*JL 7gJL.ul, I «uLliIu 

4_oJlSHJLI 4_jJjJl!I <_jjLfcHJI *-<a j ***'"' Sh 1 '-^! *J ta >• «_AL(JLI jj^Lajj p j -: «^"<t 4_oL*JI fijI^VI O-Laa- Ju2j 
4ji '^> «^s-«. i 43I ^— . t ( J j jjl!I Jjj-^-u ' .'^ ' A cr^ 3 ^* ^-^^ iJV 4 - L<a -^ tl S^r*-" 1 ' <3^J ' Si-^J^ 1 -^' PJ-^'J'r' *• . ^r 
3j_i£=jjJI (J!l«-i i_£Jl!I 4 jiUjJI 4 j i g 1, 1 j_uL*-l.l .slj-C.1 pj)j_ili/a '£— I j La >i 1 1 ojui cJTixj Ju2j < 4jI ALalLa (jyilCi 
(Jjjji (_p-*-> 4 j .^> <^.-»- i (jL>J Jj^~ ' "■"' (jjJ-^- L#->LL> 4-J^^' J-*l*3 if i 4_j_ujJl1!I w_alj_iJI f.Lh 2— 4_j_<_u L-u 2 I 
4_tJ3 j_flj (_£ JJI (jyJLcJtJI *JaljJI x-A 4_Lq.Lt] I 4_tJjJI Jj_)lj__ i_^-i_>o (_,*i g 1, 1 j (__l_uJI (__j^J_lU 4_aL*JI 4 i ii i "j-llj (J-«-*-!l 
Jjlj._aj Lai ---ill j-_--jj (jr ujJ_i «_<3LJ)_l! 4 I a! ^— ." a 2jJiJj 4jL^1!I ^_ (jLadJI ^>Jui T^iellJ ((JaaJI (Jj-^" ' " ' . ' a 

^j^> ,^«^-"1l I jj 4_aj^L!l cllljL^JLI ' . 'I i »**i^-il 4 j^j^— ' (JjLZu 4j^jjv cIjLcjjJsj^j 4_i1SIl!I <~il jl^— ■ tl 
j-c 4JJI jjjo (J-aG 4_j_ujJl1!I 4_ui>JI 0J.& ti^JJy (j^ * ' ^*" (j?-*J /T-ALlII jjijiajj p j -: 1 aaj I 4_oL»JI Bjl^Vlj 
( Jjr?*"itl (j-a jJ-><J '^"";" <_jjJLjiLj i 4_aj^iJI 4jjj)j_xiaJI <J1jIjL^JLI (J-Li^aG 2— jJIA-lA J^— • "■ J p g i ■■" (jj (_>>-J 

.<J1jIjL^JLI ^JlA (— )l i i>"i^—>\ 4_JLc£. p-cjij (_y-!l (JL=xjIu^?Ij '"'I ^j;'-^" 1 ^.' 4JLjlLjiVLj 
i—i-tje^ >>_L<a.i-u «LJl i^Lisjj^ 4-j-><J H L^_La (JJ. LLflli mXlj La^IJlcI (jyic (ji-*jLSJ' <3^J^ U^ (jG-u-i «lL1Ij 
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JbL£«J 



d^L**. 



.(•••<GL-uj-i<-J1j O-U-i-uVl (Jii-a) L^-ajicj -S'j-tLi 4-2j-*-tl ( aL ^ LC - _ 

.4_jjLiijVI (jaijjLSJLIj JlcIjJjJI (_>^jtj (-jLtc. _ 

.^jLcjlII 1 La j -- 1 I ' " ' I • I Laj a jLllcVI ij^Ju Jii-G (_jjJI '**" a t^alj 1 1 j-SjJ ,»JlC. _ 

. L^IbLu^a 4_JL2j di LiToll I j (^LJLI (J^LilL-ul ?.j-<-u ~~ 

4_jjJlLI 4_<_uJii ( JI ^ <^> .^»-»- 1 ^_ _slji,l djIjLjLvlj ^_ys\^~ (Jj3* JJTe-alu 4_ui>JI 0jui ^jl_2 (j^L-u^l I Jui <jjJ-CJ 

JljljJI <_jjJuJLI ' _)l 1 ■ <: — >l tiiJj.=3j i L£jVL«jlL-uIj L$jLi=jjJL-uj .slj-tl (_)^3l^iw cr^ 1 j-^l>^ (_3j-<-uj < AjjLcjlIIj 

iaLtisVL ?.L_Ll!I jlj-o (_)^lj^ 4_2j_«^3 jj)\ (j^a-L>ij «UJI (jiLj 4_JLa ^LuJLsJI oJ-J <_jjJl11I <L-uIj.s aLcjI Jiicj 

<_JjL>o) 4 xLijIalllj 4 Jj La-Lll 4 inljjJI J^L^ <j_a tilJij «UJI (jiL-J -i!j_tl 0J—& <— lljL-iTcU ,Jj— ^ j* SjI J! 
<— iIjLllvVI ?.Ij^>-|_j *-J2jJLLj .slj_U <— )l_Lie, a^M" i ill ( jr J-C Ij-iL-^ <_jjJlJ1JLI (jj """'J C3-^l— ^Wj (4— tla-<-a <— iljl— llvIj 

.til! ju jj j LSj .sIJlcIj (JJ-cILaII ' " 1 1 a 1 a I j 1 1 J I g!Lflj| La^aj I fcilg ^ >j I U 1 1 

: 4_jJLl!l <dil JlvjJI (j-a 4_j_l2_>JI ^jui lJiJUuj 

.aLsjJIj ^1_Ll!I jLa^-l : Jj^l fiJcvyi 

■Ci-L«a.i-uVI : 4_jjQJI sJljvjJI 

.a°>\ iM,l -sljilj lLs1>JI f.La : il!ll!l BjuvjJI 

.4JL-uj^>JI : 4_»jljJI BjuvjJI 

.4_jL-uj^><JI lj->-j tj <^-i" ; 4_ 1 _u^jL><JI fijjvjjl 
.tilLJIj <_ijIaJI : 4_<jijLxJI iJcv^JI 

.(jal-L^JIj J_L>JI : 4_»jLijJI fijjvjjl 

.(^JJ-iiVlj JjJl^JI) 4_jjjutll jljll :4_Lall!l aJuvjJI 
.(?:L>-j-!lj .JjMi^tl Jijj^i^i JJulLo i-jLlq-u^LlIIj .(-.i-iToAJI) 4_jj JmJLI j_i£. jljJLI : 4_<.!.ull!l aJcv^JI 
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i__l Jl___M LjJ^L>- (j—a _g 2 3_jj <-___. j_i_>j^a (j—o lJsJLjj L&j-^ji L-aJLcuJI <J1jI JljvjJI (j—o sJljvj J ^— ■ j 
(_)^U>- *-j-^ •— &> (3 "**^ a 3 *Ji}~ '^***'^ 4_L?e_i_iJj^l!l <JljLaj_<jij.JLj ^ Q.e.Jba L^jI Jl ^aLtJsVLj 4 jj LLa 1 1 4_t_i.u-i.ijJ I 

.4_d_a__U <_jjL_t_Jlj (__IjLl->. _flj 
< i j I La 1 1 4j>.jJI _5-~t 4_u_L>JI aJJb j«uJl_jj l-ijJG _L I____j Ju_ (j^____i _jl j.jJl_JI (jyi-JI «_i_ I (JL__J 



,2> 



Jl^tluljLjIJ-lj^lj* 



f L^jJIj ^u^JaJI jL*a.Vl 




JjICaJfjH JJU104 jawitUI 

: (jyic «UJI (jiLi BjJlSJI <_jjJl1a1! ;JJ^"~ 'J BJlvjJI oJui 4_<_ulj_S £yi ^.L^IbVI Jiic 
?.1_Ll!I jL&jvI !_ys\^s>~ jtuilj 3 aJUie-t I <— ) VLg.'Cu.uV I A^jjla • 

t 3-SiaJLl Lj SjJSjIlU jljJllj pj)j-iTu.tl '"'I ALalLa <_<_i-aj>- .»L~jjJI pjj jLL><j ( ^J^^ dJ Jl^j <_jjJlLU (_3jJLJ £j\ 

.LlUaJI ^LujjOiJ CiLL (4) 3 ^J^i\ *>*1] oLL (4) 
■<— iljLiivVI JaaJ ^-u-ullll cj! julUj cjIjj>VI • 

:3jlJ^luLillal4 
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: A«JlA4 -1-1 

fijijLSLLa ^y^-mjj (j^UIl (j-a icj^jjta £ys L^yli jf Monomineral Stone <j julLI 2 J^p-j ^a-iuTta Jcvlj 

.Polymineral Stone jjUII 

Rock Classification t j^iaiall f>Ln3J -2-1 

: Igneous Rocks a^LsjijVI jl ^jLl" jj^-.^tl -1-2-1 

t_*L ^""j (jlaj^l (jiaLj jjjo 4jl2J_LII Magma j_L^aJI J"^~ •■ ji 4_jJ|_=3j_l!I p_*j>JI (j-a jjie^aJI Jui ;jj^~~ '"'"' 

Granite c<_ulj^>JI Jiia ^lL_u <_>^j^I Sj-JuJa 

4jvj cr^ 1 (J^jLaIi j ' j t^aJI t-ult^aJ (j-a diLiiiJ (_P-!' <Li3e.La i uJI j j 3e ■ a 1 1 (j^J : 4_jjLl!I 4-Cj_<^>tU ♦ 

Basalt oJjLJI Jiia ^Lcj-i.uj < .l.v.U 4_Jl«-c. culSj Juaj t^psjVI 
^Jui <JljLiiij Ju2j (((_3-«-*-!l ^tP" (J- ) 2 u , „j" t 1 jj 4 j-». u , „1l O-^j i>jL*-=»<JI (j^j : iliJLiJI icj^^>iil ♦ 
j_i£jj_l!I (JILa peJa-mJI (j-o LjJj-3 (j-^xJj (__)l3j^(l 3j-iTo£ (_)i-l-S -^ j ' j iajl ' -J ■ aaj f.Ln'\ i>jLa=-=»<JI 

.Porphyre 
: Sedimentary Rocks ^Lu^jJI jj^-.^tl -2-2-1 

^^-— ljjI ^— • jl I ' £l^3 flUJl <— iL J LaaJ I g < '^j «jj JJ~- LaJI p jJartl! 4_as_jlu (^laj 2I •»■ La 1 ■■ (jyic ;jj^~ '**'"' (jjJ-!' (jr^3 
.4_jjI^l>JIj 4_»jLl1!I <J1jLjjL=JI (JjLiajj < AjijjlIJI (J^jIj^i j_uQJj 1 fj^Uu^ji^^ II (JJbellJIj 
: 4_*3V I Aj^lliJI 4_n.u-tjjJI aLi.ix3 2 1 Jl L^jLiiij (J-«-aI cA' 1 * . ^hLS-^J-^ 'J'-? : - =,, ^' pj ■ u-Sj ,j^~ i < jj 
I j^— 1 jjI =a-La 4_lL^3 a I jjicj^aJI p-tlaj>ij Jl L^jLiTuj *->-j3^ : 3 j^— 1 jjI ^~' - ;^ I 4_ijj_<_ojJI j j se LaaJ I ♦ 
(JILa (t^jJoJI j i ^Lj-ll J ' ?"'-i>^) ^di^?^' (JjoIjjlJ! 4 La ■ ut^gj I g_u ■ ■■j" pj L^ISj j jj^e-LaJl p j La ~- i (*J£9 

.(j^-LaJlj < (_j n La II (J-«j-!lj ' u t^au>iJ I 
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4_JjLl1!Ij 4_jjl^0_t>JI '"'IjJ iU,»\\ (J.^jLjji p^-ilj" £jjO [ Ml M (_P-Il (jj-*J * ^„'J LeaJtJI 4_JJJjjjjJI J J 3e ' a II ♦ 

(j i\j La aJI A^e-flJI jl (jyJ-J-!! (S-SuaJI (_p-a 

^J „ -ij^-—- II cj Lujj^i! I (j-o j- ll<3 j Limestone ajj_l>JI ajLsusJI (JT ji Le^a-iiu a-u^-ujJI jj~" t-saJl j-L^alj 

. Aj^ajiajtJ I j 

: Metamorphic Rocks aJ^ssILI jj^.^tl -3-2-1 

Lc^jJL^j a I A * qj i) a 3jl >jv a I JuJulu aaJLJaJ 4_ua_<-u iJI a 4jjI_LJI JJ"- oaJI (__)li >*j A-sc-lIi j i0-3e <^>'l oJui i~ ,\£— , ,~," 
. (jy jvjL>JI I Aj g La a j I ^^•J i " 'J (^Lj-a-i^s llj (^JmJLI I ^-t^sj3 ^_j_uju (J^arcIiJI I Jui (j^l 7^u-*$ .\ju& 

<_JI jrdaJlj Quartzite ojJ3jI_^=5 <_JI (.ylajJI jj»lj>JIj Marble ^U-j <_JI iS>f>JI j-^? 1 ^' lIf*^ ^-*^ 

.Slate jlj-Sjl 

: Marble j»L^jJI -3-1 

: aU'J-JI jJ)1 i^ia -1-3-1 
(j-a L<-uL<-ul (j a^=xjja i A aTLseja **_;»_; tla (jl aJLj Juv aja c 4JJL*a >J^~ ' < ' cl9- 5e -'- <3 L^J^J^- 1 Q *» J"^-^ 3^ (* J"^ 
4_pJI jja^v (Dolomite Cu-aaJjJ-II < Calcite Cu-iaJL^iJI Jla) 4-ut.iilaJI <j-SL*ll (j-a jii^sf jf JLvlj 

.(Traventine jrCL&ljjJI jl Serpentine ''q^bj-iaJl'' 

( j_o_J 3 I j <^\Sl aL>- jJI » 'I c<a a Jl (J^jja i ej l - '^~ ' J"'^""" 1 ) >>.L>iJtl j-a aL». JU A ia *-— 1 1 1 j j se-c^aJ I 77 I i^cTn-u I ajj 

■ Z-SJulUI 4_jjLiJVl CjVL>J,I 4_ ^aJOidl CjVLcjlL-u^U aJiJutA diL-uLJa 

: ^ji\ ^j -2-3-1 

: j_A p-l ajl <CL_u /Jl ">' 1 ^ i-^— 1 'I ' - '—— < j~ tl i-iwp- ^j^a i AjJa.+,.f.i,Ljl ^ ' ■ ■■' ' ^'' ' " ' I a ' a I a 1 1 t—<-m>. t aL>. >JI 1 a 1 1 aa ) 
■Aa-u-uJuLlI <J1jLJ^jj.^3 (j-a / J (j-a (Jjal (jyic ^g^ILxJ (aLS-j : ^"j ■ uJI *^~' II aL>.jJI ♦ 

a^Lc (_y-!lj SjjLupJLI a^a-n.iJI-!=xJI <JiiLJ_ajj.^i ^yic i^j1><j f^J : Onyx Marble Ct 2j2aJI aL^-j-JI ♦ 

(^j^j^^xJI J^Ljlm~=}'\ (j^Ljj A_t,i_iTu.l I )«_ul_Li]l oLj-a (j^a a^jLiJI (JjJLre-ci! r^, La-dl (_i_Li-i^pJLj J^-— • "■"" 
^Ij-a^aJI (jljJ^/l I feig i—JJu^a, AJlLa^a ^jIjJLjj i ~ 1 1 ajia J^~ 1 "■ (jjJ-^-J ^'^1 a "■ <LaLc * a < aa j ^)J^~ '"' (jj^Jlj 

r I > l^>J I a 4_jjjjl a 
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.4_J_lLU A g-LLi,U.*,i,l 

.4_l!Lc <jvjJlj (J2^ai! (JjL^J J"^— i"a ((j-CUjj_<-u) (jyic i_£_al>«j ^L^J ! fj^>Jsl J? <3>*-^ j-iiaj-zl aL»jJI ♦ 

(^Lib 4jt_uiJLI *_ul_uJI ^LjJI 4_l^LjJI (JjJL^iII ^ya (_i_Li-upJLj 1 *j t» J^~ • "■"_' ^JJIj (_y5L> oj^^ 

: (jy Jb La Jl (jjiil t^-^p- (j-a (^^J-^ ' a '' ' ^J ' i^"" 1 
.*.L2jj a I 4_OLaj ^ I^jI S ^J^ La ) ^j-^j' 1 c 4_a_jji». ^Jy la » ^j-^j' 1 < ilusu (J-^j 'I : S-iLuuJ' ,j^J' * ' ^ 

(J^=3 x-a ;jj*~ ~ '"' (j I Jj^— 1 g ia .B^Lui /_jj i 2 jLui (_£.SLaj t cl\-ui l£-^ 59 ' 2 ^Ltu ) «^>'v.l i 2_SLi-u .Saj-ul : <j oJLa ♦ 

.(jl oJ 2 1 4_iJQjta jjux, (J9-J 

: aL^jJI ^1^-3-3-1 

. >jL>JI a AjivA-iIiiJl 7-ai_iiuJl a 4_u\_ij1 .Si ai,' (j_a LjJLi- LjaTn-u-a La-iL-u pgJa-<-uJl ;JJ*~— » ' (jl <— ^><J 2 > j la 1 1 ♦ 

.(jjjJL / U.Z (jyic *.Lil (j al - tail "^ ^3^' 4 i in iitl JiJJ-J V : *-LU j_ye\ usHa\ ♦ 

2 
. jti-a/jjJ^a-)-! DZ, £yC daJLLeaJl <LajLiLa (Jjjj VI t_<j>iJ : i La » < ^- II 4_ajlJLa ♦ 

.10 (j^. J=3Ll!l 4_ajL2-a J23 V? t_xj>o : Abrasion Resistance J^QJI 4_ajLLa ♦ 
(j^L^-a <_juul>. cjLvjji (3) (j£. 2 i^\ >^aJI jjL«-a Ji V? t_^>o : Hardness Modulus a s\l ,^>tl j^bt-a ♦ 

: aU-jJI cjVUc^I -4-3-1 
: £_ LJLc. aL^j-J! (_LulL-uj 
■ cLiTu-La-U <laLv j_i£ 4_j^.jLi 4-JaJu (j^J : Cladding SJorVlj (jIjJl^JI 4_ujii=ij ♦ 

.(— iLuJaj 2 1 i La-tLj ♦ 






jju104 







t Building Stones $Lu)ljL*^ -4-1 

: *I_LJ1 jL*^I jJsL^ -1-4-1 

JJ"- LaJI (j_a *.I_Ll!I j-»^>- TT-'-y " Lj-ILc.J . 4_jjLj_ilaJ I jj-se^aJl (jjjuu (j_a L>oLJ LiA.ij.La lj_a=js. ?.1_Ll!I j-a=^>- Jl*j 

j ij-Se^aJ I 4-!Ls. ^_j .(jl_p- 2 I j^'^ ^_ AjjLiJI j j 3e i sa 1 1 (j-o ^)J^~ '_' JiJ2j < 4-! jre.il, I j j 3&j^aJ I jl 4_jjjjjjjJI 

(j-a I >iajl *.I_Ll!I j-a=^>- ?r-i-bg .Limestone <tcl^jL ^ ,,,1^—U ^j^JI j^-^JI ^ ^.l_L«JI j-^>- » : < ^j 4_uj^jJI 

La-^-La i La-ila- j I A^-u-oli-llj *j j i uJI <: — i II CjIj^jj^=> £yC IJjLlC. J-&J Dolomite OjLajJjjJI j-a=^>- 

.Aj^it^aJI A ajJaJI ^ La »" L3 jJI AJaJLtJt 4_uljH!l 3 fljiaJI SJIjl - 1 

. i_^_>JLI (j^3 y I ircTn-u^S I 4_jJLc£. j j 1 "**'' 4JV sji^j '"'I La-<-uJ (J-a-C 4jjji\_Laj j j -»- . ,-. 1 1 ( _ > ^i2 -.Z 

■* fljJaJ I 2— i—1^23 (J^li- (jjo j_»^>iil (Ja. I S j l^ qHj tiJUij Aj^it^aJI ■* ajiaJI (j-a 2Jl1^4 J) J * '"' <— *' l ^ L>- i "^ 

A J) 3e-uaJI 

(Jljial dili AjJljJij*. (j^L-^"^ 3 '.'J 'T ^~"' (J - * 1 *■*"-! Lill Aj^icj^aJI ■* fljJaJ I ^_ 2JlL«JLI J) J S-t!uJ I *_Lt.ujj -4 

3 LlSj iJ2j_La^a 3 La 1 uljj J)J^ ~. tl tilt ^_ 4 a lH -»- a 

.Aj^jJlj 4_llLc a I JlJcIu-uIj (j a * jJ I I g 1 ^- * j (j-C Aj^icj^aJI » La aJl *Jl2j -J 

a. il or j 1^ i n"i I jJuus\ » LaJiI Jj jiLLa^a a I ^1 ijjl 1 La <~ I a 1 a a I JlscIu-uLj * j • • ——^ ' ' 4 Jj se <^aJl * La2Jl < 1 '•*-— ■" -0 

.Jiill 

4 J j I La 1 1 Jl^— .^.^Ij jLftj^?L (j^2l! u}\ jLiila Jl AjjJcj^sJI ■» LanJI (JiJJ - 7 

: ^lljIjU^I £ijit -2-4-1 

L^ajLt^ii-j ^^'1 j-ij'^— ■ II I g-t-i^sj3j L^_o^=ljj ( L^-i-^ * ; ' ^ 1 1 jjio^aJl pjj t_<.i.a>. *.1_Ll!I j-a=^>- p'j- 1 ^ C ' " ^"' 

Soft and Hard 4_JQj=l!I ajj_l>JI (4_jjjjj<jJI ajjJcj^sJI <jiiIjcv^JI I ^a »fj ^j^— jM^— _■! Ij 4_jjL3-j-^JI 

: ^LoJbjeja fijJl (J I xu-o2 m L&JJJ41 criJ'j Limestone Unit 



Crystalline Limestone j^-LiU, 

Dolomitic Limestone (^La^jjJ 

Chalky Marl Limestone ^j-uiLiaJ 

Silicated Limestone {jr jLaAjuuA 



Phosphoric Limestone (^1 h,»y>l\) iSJ3"" { " 
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Numuletic Limestone c ^Ll!j^_l!I iXhF?^' j^?^*^' ♦ 

: *I_LJ1 jUt^l (_>^>^ -3-4-1 
: (JT Jb La *.1_Ll!I j-»^>- '-^3^ ^r fcj^ ^ LA -^*d Cr^' i>^' >-ga^JI *uil (j^s 

: i-aLl^al 4j}Lj Jl tlaJt-JalJ L^LajLiLa t-u-i-u."*- *I_Ll!1 jLfcjvf < ^;<V. : (ASTM C179) .U;,>.tl 4_aj|JLa ♦ 

2 
fC-a/^^jj JZ) i La » - ^- 1 1 4_ajL2Jl ^^.S 2I Ju>JI ;JJ^~ 'J (jl V^J * I ca-LuaJI 

fC-a/^^jj .Zo 1 La-i <iajl 4_ajLoJL ^^.S^l Jl>JI ;JJ*-— 'J (jl V"-^ • h -1 ' ^ : '^^ 

*uj/(343-}-! 1.Z ' La * < '-^ 1 1 4_ajLoJL ^^.S^l Ju>JI ;JJ^~ 'J (jl V"-^ • ?T ' d '• t^aJI 

^,u ( i L-aLl^>U ^LlJI jLs^V ^L^LaVI L^J j^p V jf <_^j : (ASTM C97) *UI ^L^lal ♦ 

*I_Ll!1 j^>~ '£- ( _yo\ ual/iVI 4-u.uJ S-iLj <j^ ^^ p ' ~~^ ■'— ^ <jr">^' Lr^ 1 ^ ^.5 '4.2 (3: (jx. 

. 3 ^/^ 2.56 j 2. 16 ^ *LlJI jU^V ^i^ill jj^l ^jljii : (ASTM C97) ^yl\ ojjJI ♦ 

A A I" ^- t, I 4jijj>J| (J^jIjjlJL! «CLajLiLa (j-m>iJj ^LLlU (JjJuIuIlJI 4_JLc£. *.LoI 

A_i^ijJL=4il 4_u^aLkJI ^Jl& JyJ^»o fsl : (ASTM C241) Abrasion Resistance J^tl!! 4-ajLLa ♦ 

LJLcjlLjiI Jiic 4_t^sL>-j (jr 3eia-<-uJI (J^sLlL! ?.LLl!I j_su>J 4 a I" AeJL I f-\^j % $\ 4_ajLiLa <L2j_*^a i_3Jl£j 
j^as^v 4_ajLiLa ^JLo 4^j-*1 lillji^aj -JJL^' 4 -= 3 J^ v 43!",^— 1 4_tJ3j_*ll Jj'^-I aVI 2_ jf <— iLuJjj^U 

<LajL2JL LjJjJI (<u-SJI JijJlj>ij (jyic ' " ' I a ' a I j U (_ya_ijj .^.IjUjiVlj (_L^)Q]I (J-alj^ij ajjj>JI (J^jIjjlL! ?.1_Ll!I 



" jiljilj cjIjLiIv^U Ltj=3^juo^\ 4_JaJil j! ASTM "American Society for Testing and Materials" 
fiji^jv jj^Laj tiJI Jul (jjJuij-j (jrt-mjLLj-Uj ^UIaJI ^ Laj > n » »j^a jL^sj .Charles Benjamin Dudley ^Vjjjj 

<Lg.Lti^3J LjJLv 4 ^ La ' 1 1 aj^jj gjl 1 ■■^— ■ 'I «j'^ (j^3 JlsJJ 4jJijJlj>JI ' f \^— ' ■ "H ^.Liijl ^_ (J.c-trn.u.1 1 JljJusJI 
£— AJuisejs 4 A , ^» I j a IzUUU (^Ijjv 4^1"^-. £^0 A^jil Cxlt^ajj ^^p- *.LiijVI < La 'j jljJLI f«^j 4_ilS3 cA a < a I j a 
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.jJb 

: *LLJ1 jl^l cjVUCuJ -4-4-1 

: (jy Jb La *.I_Ll!I j-»^>- <— iVLa.'Cu.ul AJb~\ £yi 
tilxal Jl^j ^_ ^'"j^'-^" t _)iaJtjjl Lj->iaJtJ (3^ ! LJL ^ S ^ <— !LLii=3 2jL*-=»<JI (J-a-Cn-uJ : dajlj_>JI Jjj '"'" ^ 

t_JLc ? 4_ < ^LlJ 4_Lu.a. 1 . u | ijj^j iLa^jj-aj Random Ashlars tiL-al Jlxi jjju j? Course Ashlars 

.4_LaLv dajl^jv (^jLjjv^I 
l j r C Lub &£. iijl 9^>JI (jaij-illl tiiJj a Cj a_uJI 4.-u\ jl g-Lal £— LJ LqjlL_u I j^u«jj : Jajl o_>JI 4 j i ..^— ■" ♦ 

. f L^J! 

t Aggregates fkL^jJI -5-1 

: fL£=jJ1 ^3^=3 - 1-5-1 

/Jl 3vjJLt*a 4-jJLaj illLu-O- (j_a AJt_>Jl 4_>. \JiILa (jj^ lj /JJ-I' A M 3e L<aJl (JL)Lu-l>JI /jJ-C- j» I ^~ l ) ' ' (*-<-"' t jj-La_> 
(J-aLiJI ,%-!LU *.j^>JI 4JL-uj^>JI ^_ aL^3jJI (JIL^jj 2j i ■■^— ■ 1 I jL&jv 2 I jl JaJjJI £yi fij_i_L=3 (JLiLt-UA-j ^ , ^.^ 
.4_JJL-uJ^><JI 4jQj=x]l (S-^>- <j-a A /3 (jyJI^J^v (JJljIujj Lu-i-uJ 

(J^jIjjlJI 4_ajLiLaj LJ {jLajJuj (_jJ-!l (JLaJv 2I (»jL2j (j) » j Laj 1 ■■_' i_£Jl!I <JLuuj^>JI (*-"l>- aL=3jJI ;JJ^~ 'J ♦ 

.4jaJo ja ' 31 A^.j^ 2jiaoa 3 \l \_». (j^a 4 A I" -»- 1 I 4jia_>J| 
.(oJU-mVl A±X2*l£.) 4_<uv>U1 2.}LU *_a 4JL-ujJk]1 (jj_ai=i2! 4_*^i_p-jJ1 <1!UI 3_}LU aL^=>jJI JlSU ♦ 
< ^.LJLIj Ciia.t-uVI 4_Ljj&£. JlL^sjj i-iLiTu £^o 4^>oLl!I 4_ i aa-j»JI clj Ij-iaTlI I j^^- (jjJ-C- ( a '-^ 3 J-^ JlcLjij ♦ 

.<JLuuj^>JI (jyic. ijjlajJI j-uLj (j^a tiJJ Jj=jj 

: OjlLuzvij aL^jjJI p'^JI -Z-J-l 
: <_JI pj-LJi I JlA xuolS m j < ^jtAjIaJI j^L^all £yt (J±L*1\ aL^jjJI -1-2-5-1 
4-lIc Jj ,^-^tl jf Aj-^J^I I§_ j^-L>J,l j-i>. (Jjj-ta (j^l Lai p-J-tJI I J-A prj-aelu-uj : jL^J^Ij jLjl^aJI ^Lsj ♦ 
4-Laia> fi^Lcl aj (J-°J Shhhf^*" *—■ >Lcj-*j*jo ^_ 4iL^i2j << 1 1 nf (_£j^>ij La i^Lcj i (i La a ilJl j) jL^J^i I £y& 

A 3j^'?*"'.' ^'sLiJI (jJsLa ^1 ^_ 4_La ' _i j I La 1 1 aL=jjJI ^jj^=ljj 
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jjvLsJLI (j-a Aj>-jJeTLi.a,U A-^tolaJI jj^ caJI jj i u^aj *JL : Crushed Aggregates tiatjl u^aJI ,»L=3j ♦ 

: ,J\ Ax\7>'i\^ : Lightweight Aggregates <-Ll<L>JI s\~=3ji\ -2-2-5-1 
.Pumice i_aLL>J1 jj^>JIj Volcanic Scoria (jo=ljaJI ki^i- Ji^a (j-^ila < ^y^- ,^^~ »j ♦ 
■Slag S-lJUJI {j\jJ2&\ *^-p*j Expanded Clay J^^ll jrdaJI Jla Cr g.l_L^ <-a-Ltt>. fl^j ♦ 

.^gjlj^>JI (JjjlL! 4_ajjL>JI <JL-uj^>JI 4-cLLi^j ^_ lJijjL>JI aL=jjJI (J.c-tTn.ujj 
(j-a ajUj»Jl! oL-ujJJI Ig_ J-i2Tl!I aL^jJI J^jlL^u : Heavyweight Aggregates J-JaiLlI *L^3jJI -3-2-5-1 

: ^L^jJI ^1^-3-5-1 
: ^Lj_mJ1 ^l^kJl -1-3-5-1 
,» L==jJ1 jjj 

(1-1) *u-u/ajv = aL^ajU ^yiijiJI jjjJI ♦ 

.cliLi-u->JI (jo <JliLclj_iaJI jLiTlcI (JjJlj <— i Lu-i->J I ra-a=^>- J-& ,»L=3jJI (a-*^>- '^i 3 " 
jCj-u/jCj*. 2. /D J 2.5 (JO fj i^">Jlj (J-^J-^ Cr c -.i-'-" <l>j>" T-ilAii 

■ ll)Lu.L>JI (JO <— ! Lc. I J_flJ I jLlLcI ' -J LajJ aL=3jJJ (jr CJ*Lj>J I (J j J-! ' L^-Lu 

3 3 

. Aui/j4> l.O j 1 .0 (jo (_, i s> "*■ \ 1 j rfu-u/rfsjv 1 .OJ j l.J (jo (J-aj-i! ( _ 3 _aJ*u>J I (jjjJI ^"jlAii 

(2-1) / 100 x = (a L^= J JI^_di:l J ^JI ^J ♦ 

(3-1) /100 x - 1 = (a L^= J JI^_C J Li:l J ^JI ^J 

LaU- ,* L=jJ1 (jjj - ML* f L=,jJ1 jjj 

(4-1) /100* = *UI ^L^Lal Wi ♦ 

LaU. ^L^jjJI (jjj 
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: <— i Li-u->J I •»■ La i "j J*^— ' "■ - ^~J~r) - l 
.jbtjJI ^Xalj-ij jL^Vl lLJj Jla Round JJJlXI aL=J ~ 

.j^-UkIIj j^-JI lLJj Jla Irregular pty.;*jjA *L^j _ 
.<— >ljl m^xJI jLa^-l Jl<5 Angular ^jlj aL=j ~ 

.4_lLlLJI jj^- -^.tl JiLa Flaky i La La j a aL^sj ~ 
• 4jj_*j J-aljJtJ Ct-tiajju (_yJI j! 4-uLlaJI j^Jo^aJI JlLa Elongated ^j <^<- aL^sj ~ 

2 j* X*\\ jj^-.^tl Jla Flaky and Elongated >UU« aL=j ~ 

a ■+. La I a 1 I J <Uj «^» tl cllLu-i->JI (j-o A 13 (_j!l 1U (3,9-^ 4 i mi t (jyic (_£^Hj>o (_£Jl!I aL^jjJI <— iLllvI 

: /Jl 4jLu-l>- •»■ La i ■■ I A-li.i,uJL al==) >JI •* ' ■•* 'j 

. jj^VI jljj-aJI Jla Glassy Cr >.L>.j - 

.aU-jJIj j'j-SjVl Jlo tfLjit J*^; Jj-S^a^o Smooth *uiLi - 

. CT i<3jJI j^a^*JI (Jla Granular ^.^cv ~ 

.j_j^ j^J'j ^jM' cP-* 3 Rough (j-iTuj»> _ 

.jjjUJIj ojJIj^JI Jla Crystalline (_£j>L> ~ 

.i_aLL>J1 j^*^*JI Jiuj Honeycombed ^L-o^j L) ioi^a - 

<_Hj1 Is (— i Li-u->J I JlcLjijj .4JL-uj^>JI tiJLajj 4_JLlLiIuj (j^-^"- 56 -'-' 2 J^J-iio (j-aLa 2I pgJa-mJI <_Hj I li <— 1 Lu.l>J I j-LLtJj 
' -j * ' i3J Ju2 I j ' ^— 1 1 j aL^jjJIj Ci-La-i-uVI 4_uj*_c (j\j ^£>- <— Li-uLa-i (jyic (Jjl^^aJLj AjjJLUj 4-LiaAJI •»■ La 1 ■■ *l 

.(J-uLtluJI a n or 

: Aggregate Grading (jy^^J I £j^' -3-3-5-1 

4 La . ..Ij j L^jL-uLSJI (jiaJLjjl I g ' ^- * J £yC 4jLt-i.LV (J-LaaAj aL^jjJl! ^ *j; (*- : *- =, ' , -" ^d^* 1 - 1 J-* Cyhh tJ *^ ' PvJ 1 ^"' 

( (Z(_ji=i_iIaJI) (jiaJLjJ I I g I ^- * J (33^ icjjisj-aj I j**i^**r^ (j-uLiLa t_<.iaj>» ^-^J- 3 ( I J^~* '"') Lr^"' - '-^ (J" 4-C-J-<J^*- a 

4_i_i.u-L!I (_i-i.u-><j aj ( (3 sell aJl «_Li3 (Jj-La m^I «QreIl2 (j -I S aj lj3jjlj (JicJJLI) Jic-La (_>=> cA' 1 ji^ !: - =,, ^' <l)jj^' 

.(( 1 ) Jjj^ji 4. ^jjJii juai jJ^i) j*i« j^ <> jUi aL=jJi <jjy ^ni 
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(Ji-Llll ^j-a 4-Cj^jsta j^J jL^ : -^J^~i ~"1\ 



^LiJlJ^Lai: lji 



j«jv ZUUU I fl^jj j JLuaJi aL=jJI (j^j 4_Llc (_p>«J <jj^>o /?-jLjJ : ( 1 ) (JjJ^><JI 



(/) J UUi JJ ii! Jin.;tl 


(Z) jj-a^txl! AjjIU 4, wnftl 


((*».) ( _ r ^=l j> UI j_^=^J.I (jjj 


(*s-o) (JitiLI 4seu£ 


98 


2 


45 


4.75 


89 


11 


223 


2.36 


75 


25 


504 


1.18 


53 


47 


943 


0.6 


23 


77 


1544 


0.3 


9 


91 


1819 


0.15 


4 


96 


1918 


0.075 





100 


2000 


*Lcj 



■ ( _ y U-u>JI t^jJlLJI i^J-O ^gi aL=jJL> <— l Lu-L3e.il ( _ ? -a-?e-r»JI *_jj^ILtl 

.((3) cJ^j^i .j^O ^J^yj^j^ '"^\:"'^ Ja^> cJ^J' (H5 S-^-c-j .(J^Uxii ciiLaJia cjILjuuI 
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1 Ifl S^ll 1 


t<j\\ iu^\l -»-jVi\i wU 


: (3) lMI 






JJ»»<-11I (1 




1 


100 
QD 




















1, 


80 




























3 

-> 


70 - 




























3 


60 




























2 


50 






























AD 


















"3D 














20 














1D 














n 4 














( 


) 0.075 0.15 0.3 0.6 


1.18 


2.36 4.75 



Ji-LUI cjUuLLa ^l^ta (_,!£. (^>^»o (^ Jl!I aL=jjJI jjij Graded Aggregates ?:jJ^ ,»L=jj-!1 

.4_j_<_uLjJi]l 

cjLa^=xJI Cy k. i^>^»o e5 Jl!I aL=jjJI ^&$ Well Graded Aggregates rjJilJI J^^J' i a '-= 3 j-" 

.4_J_<_uLjJi]l (J^LLcI! 4_ajQieJ,l tljL-ulJm (j-<5 4_u-uI_LU 

j! (j^LLa «ua Jl3-jj V ^ JJI aL^jjJI jjij Gap Graded Aggregates rjJilt! <_>^Li!1 aL=jj_!I 

<— i Li-u->J I (jjo I La.iL>. ^)j^~ 'j aL=ijJ i_.cl.uLLo ?tjJlJ (jyLc _) J ' ^ >■ ?' Jf < a '-= 3 J--' crhh~ > ~' ' ^J 1 ^' ^J-*-° ~-*»J^3j 
4_ajLSJlLj L-bjJ '^>"j ^L__j_><JI (J-L^-iTuJ 4 lj g i ■■ _)l a__aJ 4_uL__j_><JI '"" LaL>JI _L. <Lal_li— Tu.uV *j i j -— 1 1 I j *j I » i a II 

.lJijJL=l1!I _Lj_l_j_JI 2Lclj-a *-a <UjJLLa-, I 

T^jJuJI ( __is_La L^J *__J (jr - " 4-SJaJuLl (J--4- 7^J^ d)Lil3e-La '"'I a .-^Ijt I jX»^i _.__>_< : ^u-ia] I ?^jJ_l!I J>jJ_v 

(jy ic LJLjjvI jsjj_>JI <>__& ^jjj=xjj 4_!^j_La jl 3 Jljj*. 4^>o1_l!I <GL__j_><JI ;jj~~ •" <j^->- (J-«jiI-__U aI___3jJl! ^^lj^JI 

,j~~" i < ' L$_Laj < jLJcwVI (Ji-LLa (j_a (J_*_La J - "" 1 I jLU aL_=jjJl! (_-!-■ ^HJ ( _____3 2I (jjJlsJl! Aj^Lo (_l.l,u- 4_j_fe 
L^j j-«- _)' fc—<j>-|jj| a a La ' 1 1 I g Lu j ■ ^> -»-"*3 L^j 7-j.q.l,u.I I _-J-S ^( Ij (_____9 2I ( __aj__>JI T^jJuJI (— 1 Lilr-la f«--uj 

-11- 



JjICaJfjH JJU104 jawitUI 




: Fineness Modulus 3^*111 jjL*-a 

^■■TLLLi-uJia .<L)L<-u >i<J1 aL=3J 4_<jjI \_S ^_ a ."^— ■ t ( J.q_Cn.qja t .a I ^~M 1 ' ' La i "j" 1 1 (jajLSJLl i_Ji-L^3J (_£Jul (J-aLsLl,' aji 

.^L^=jiJ J^LUL J^JbtUI Jjl j^ j-a 

3-«-<-ul!l 4_^oLi2JI (J^LiLI ^yic <jj^*^»J,l ajjjII <-_<-i-u-L!1 f-j^jjta 4JL 4_aj_*_<JI j^L*-a Abrams J_aljj? .sjuv ju2j 

- 1.2-0.6-0.3-0.15: ^a J/>ji] 4 Ur,,„ u ^L^ji J^Ulij .100 ^ L^^a ^L^=jJi p-a 

J .L ^ L j-u I jj < sa se a (J^jjJl! j j ^— i j*^ ,aL=jjJI (JjjLS-o i La i "j" a (jy lc j_jL*J,I ljui (Jj^J •(«-« 4. /J — .Z.4 
25 +11+2)= (JjL-JI JLiiil 2_ 4_l!1 jl ifu.ll jj» >^aJI aL=3jJl! 4_aj_*_iJI j^L*-a jj ^—„'J? -O j 5 £)AJ ^ ,^.->I1j 

2.53 = 100/(91+77 + 47 + 

: Maximum Aggregate Size j^=JI aL^jUj^^VI ^jLlcVI (j^LSil 

(JjjLSJLI j 1^3 Lci=3j j '.'^~' '' ( a '-^ 3 J-^ (J-* 3 (_r^ ' Cr^ 1 ^ -*^ JJL>"*^ ? tA -'- u d Lr* - '*' 5 4 - 5e -^ j-<-caI (j-uLiLa j_& 
j_i£jj *-a ijJLjjv^U 4_JL-uj^>JI <LajlJLa Lu-cuJ Ci-Li.u-><jj ( _ 7 -qaj»JI (jjjJI -i'j ' n^^"" 1 *' ^~V "J <^-iV 1 (^jLlIcVI 

.aL^=jjJl! ^ _;■>• La i uJI 4jvLjJLI 4JlSJ Ij-La-i ^ajLJeTn-u-U Ci.-La.i-u VI 4 JQ^~ ' ^ r 

jLcnf 4_ La? .jloUji ^L^jjji ju£.V ^ 19 j 37.5 o^ La aL<=jU j-^vi ^jUl^vi ^luli jjijiy 

aL^jj a I JlJcTu-uI J ' ^- qj Vj ,{«-a lZ)U ^ ^j v j i^-iVI (^jLllcVI 4_<-ulJLa aL^jj A jL3eIL-u-ia 4_jjQi=JI 4_JL-uj^>JI 

.4JLlLiIujj «Qjjl_La ^ .' J * ' -^ 1 («-« 1 jU (j-a j_l^jI ^a-suso 

tilau-u 3/1 >(jy JL_uj^>Jl p-Ua2U jJt-^aVI Jl*_J1 5/1 : <j-C aL^jj-I] jo^VI ^jL-JLtVI (j^LUI JJL <jl V^J 

(j-a (j£l (_gjl_LLcVI (jjjLail jj*~~ 'j (jl V"-^ I i* 1 — 1 .?c-JLxLi!l JyJo- 7-Lu.ul j-u ^sLjJLI 4/ j ,4_jjL-ujJ»JI iLa^LjJI 

.t-Ljj-u^I x-jlaj>i1 4JL-uj^>JI da_L>iJ (jy^>- (^L-u^iJI r I La » II <-f.La.t-u 

: 4 -j^n l ^jl .l ^^iJl -4-3-5-1 

: The Crushing Strength ^lA^lU aL=jjJI 4_ajL2-a - 
a-li-oIII J-&J Aggregate Crushing Value ACV ajA^iII (_LaL«^3 C^^i Ajtt~<t$~A\ aL^jJI 4_ajL2-a jiji^o 

4U ^>jJiS LLaJt->iaJ jLiIo-VI 4_Llc (_)isjjJLJ Juu tiiJij i j«-a Z.J ( _ 3 _<-uLlSJI (Jitill (j-a jLil aL=3jJJ (jjjJL Aj^HI 

.LlU 
: Thoughness of Aggregates aL=ijJI ^Lla - 

.j«-a ZJ L^cLajjIj j«-a Zj Lij-LaS J*^~ ' "'^ <LtJlj-La i ■■! i-Ltc (jyic <JLlll jLllvI ^.IjjvLj aL=jjJI <JLlla (j\ju 
<3 jLJlvVI 4_Llc (jyic Jlv I j jTlc-u-Li-u pLajjl <j-a IJljj (C T' = ~' ^ Woj SH-"*^ 4^j_La-a i La 2 i -" jLllvVI I Jl& ^_j 
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aL=3jJI <JLla <j-uL»J2 jL^- : 4(_^=iA!l 
: (Los Angeles Abrasion <j^L>j1 ^jJ jLTl-J) J^gU ,»L=3jJI 4_ajLLo - 

.{«-a 1 .4 (_)ic_La (jyic (Jic_i3j 4_Li.il I r-j-JeTn-uJ *u ,4__J 




l3 



Ij *.LL___ (JS~I^ (jjjjlsoi o-"_i-^ 4_u___3La : J(J- 



(5-1) 



: (^QJI (jjjLSJI i^ya (J__=iL_JI ■J-n.qj (j-_*3j 

- (J___)L_JI A-u-oJ 



100 >< 

.4 j" ioi nVI 4jL__j_><_I aL___'jJ 4U ,j-a (JJ_I (J__=iL_JI <Ll-uj ^jj^~ '"' (jl '-r'-?''^ 

: Deleterious Substances in Aggregates a L_=jJ1 4- 4-^' >"-" -4-5-1 

: 5jUujJk]L 4_JLUI jlj__oVl __>J Jl (^J>j3 <___]! Jiljll <___* 
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.4_JL-uj^><JI ' -J i ^>"j JlL salb fijLti jlj^J ♦ 

.4_JL-uj^><JI pjLt^ajj Jj * '"'"' (jr^ 1 ^-C-i-^ -iljjo ♦ 

.4_JL-uj^><JI 4_ajlJLaj 2*^1"^-^ j>.Ai. i ^Ij^j ♦ 

.tc-jJLxuJI JyJ^ 4jLaJ>- <JT ic j3 |j .SIjjs ♦ 

ij^ssl^ jl (>IaJI (j-o BjiLc <j^=Lj : Clay and other Fine Material (I Jl>. 4_«_cLi!1) 4_u_upll jiljll - 

LaJ_Lc LjILajlJLa ii-SLjj (jA* 1 (_r**"* JLfiJi ,4_JLi-ujjJeJL! ajLua LxjI J ;JJ^~ '"' Vj ' ((«-a U.UO J (j-a (JJal) 3jL»u><JI 

.«Q2 dj Lc. I j-aJ I iXj-u (jyic JLC-L-ula ,*uil_L!l aL=jJI *-a 4_cjj^J 4_Ld£ ' " 1 1 j -i ^a j (JjJ=xj 

.4_u-La.i-uVI 4_uj*_*JIj *.LJLI jjjo j_l=j! ^ j o^— i c-J LajIIa ,2j l > '^~ 1 '" „'t^~'.' cjj^""" 1 "' LaJ-Lc Lre-tilj Lfcjj-tis j g JL3 

< " '**< qjj Vj <-LaJL>J I ?.1_<jI ^ S _■" jl ,4_u-La.i-uVI 4_uj*_*JI *_a Jljj>JI L^aLreliJI *_LaIL2 *j l .'^~ l '* <— i Lu.l>J I (jyic (3^H9 

<Laj|JLa j^^">- (jj-^ 1 (_r*-*d ' - *- 4 * JlLauL I 4_JL-uj^><JI 2— ^ ^j* us <LSla.La *■— i (Jialla ,i La-iL>JI x_a w-aju3 jl 

/ D : Jjk 4_i_<-upi > l .iljJ.1 4_uij=iJ <b y-j^-mJ, I (jy ic^?l JljsJIj .4jl£jIJLIj 4 tj I U 1 1 I /j" -i j3 ^ys (JjiSlJI j| 4_jL-uj^>JI 

..kJjiJ / 2 jj ^ . ^t i c^^u X 4 - 3 j j^ja 

.aliajtJIj t_x^iiJlj p — a]L^= ^l^p.j 4_pLu -il>o o-a jj^" 1 " : Organic Impurities aj^i^*!! ^Ijil - 

^qJLj 4_JL-uj^><JI (_)i-l-S <dLc.lj^ CjJ)*~~ '"'^ d'^jJ' f- 3 J^i 1 iajj (_ptJJj Ci.la.i-u VI t_d>^aj (jyic J-^p -ilj-U oJuij 
^_ jj.=jJlII jLlL'^VLj aLlSJI <— <^>o .fijLtis 4-u.uJb .iljJ.1 tfjui -^>-J i*^ 1 (J" ^=>L^iJj . L^ILajlJLa (j_a ( ^"^" 

JlL ^"j cJLalj j <^" Jiljil ojufc : Salt and Sugar Contamination 4^<^> ,„1l ^Ijilj ?->LaVl - 

aL=jj 4_jjLijijj>- ' - ' I LaJLa- (JjMI (jj-*J 4 -^d>^ 3 J .%.*^l t jlji.1 oJJb -ij^-J ( a ^ LC - L>° J-=jQJI (*JfJ .4JLjij^>iJI 
Juu (l j" iljJa i "I jl) I j"l j '** : ~' A jLlltwI ^j^>o .4_j£ ' £ ^j *^— i "■ 1 1 aL=ijJI £yi 4jjLa^ ^j^-\j i 43 -Sj^tJ t-^Jj-«-a 
jf ^yic tiJJi J.S Jj^l (j-c / 15 J2j L^aL=j 2_ '^j^— i!uJ I 4_}L-ujJ»J1 4_ajLLa CxJL= tiLa .LajJ ZOj ( 7 

4_u.<-a l^jjJo Cx-><jj 2j_u.=3 '""j a^=a_i <CjJl>.j lil 4_pjp_ij=xJI <J1jLl=3jJLI c-i-u-uj : CuJj >^—* 11 d) L ^-i j a _ 
^jui 2_. ^)J^~ '"' d!^LcLil!l 4jvLji-a (jV ahLjJI aL=jJI x_a J^>-JJ Lajiic dll jJLj ~&jju^=3 4_jLi-l^ <dl _SJ_4J (_,!( 
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JjICaJfjH JJU104 jawitUI 




Jj=Lui (j-a aL^jj cLiiw jlIc J-g-Co-ul lil : Alkali Aggregate Reaction aL^jU ^^.ISJI j£.Ul!l - 

(j_<5 4-jJLc <Lu-uj «Lj i."< iai nl *-a 4 j'^~ a >JI <Lul ^~*M ''' J J ae^aJ I l j^ > * ' ^- Jjvlolu ,L^xjJLxUI (j-a jaA-JLa (j"*-*-° 

jl (j^J-^u Jl»j LJLp-I cjJlj><j {twa=->JI ^- S-sLj < *-" 1 TT-'-y <— iLjjJlSJIj aL^jjJI I jut (j"*y (J^-Laj ^J-stja ,<jijLj^JlSJI 

(jjj (j-o A U.O (j-C Ji£)y ^ '-*^ ' " ' * ' a ' J ' ' U^*.' L^J-SJo- ^J Ci,-L«a.i-uVI L^ji^lso (_jJ-!l <J1jLjjJlSJI <Limj JljJl^j 

,i."i i <ai ii^i 



{ ^l^=jJi cjVU.c^i -5-5-1 
: ^_ L-uL-uI ,?.LiiijVI 4-unjJ-& (JLj*-« ^_ ,aL^3jJI (J-^-Cli-uj 

.4_u-L<a.i-uVI 4_jL-uj^>JI icLu-a _ 1 
Lo ^\^a '"'I fljiaj Base (jjiL-u z\ ±\^a Cj\ ajia Jl ^i i u Sj (_jJ-JIj JjiJ I ' ' a La J '' <— iLS-iia _ Z 

.Sub Base ^L-uVl 

■ 4j"li7i ii VI 4_jL-UJ^>JI icLl^a _ J 

.aJsjJL! j>I_$^> - 4 
: jJ)UJj&iul -6-1 

p^j (J^=l! VLlLa i Lax I S 3-t*-ijJaJI jjie-t^aJI aLlxl2I La _ 1 

aL>- Jl (_>^sl ai- («-&! ; ^— 1'\ S iL>. \JI ». t «^\/% La - .Z 

*.I_Ll!I jLasJvI { _ys\^- A.&] j_=si i *.I_Ll!I jLasJvI tljVLaJLL-ul La _ J 

S .»L=jjJI j^Lua-aj pl^jf La - 4 

<S liUj S^L^jJI ^Ui^ H^2X\ j-lL 3 2\.'~z\\ JI^aVi La - 5 

S <JLjij^>JI (_)^al^iw cA' 1 ( a '-^ 3 J-^ <— i Li-i.l>. •»■ La i ul j ijLj La _ 

: (^LiJL^j ^jLiiJI '"' 'i ^— ''* j i» LaaJI aL=jjJI (j^j (j^-ij-*-! lh* 1 ^ ^yj^-y ( a 'y-^ c*- 1 _ ' 
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jju104 



4-u.u 2jj23 




Z 4-UaJJ ((«-3-) ^^rX^sl^UI jj^*->J.! (jjj 


1 4U-yd! (&>■) ^rX^al^pJI jjjs^>J,l (jjj 


(«-o) (JitiL! ia^ 


28 


54 


4.75 


165 


245 


2.36 


255 


498 


1.18 


625 


962 


0.6 


1052 


1488 


0.3 


1645 


1874 


0.15 


1895 


1925 


0.075 


2000 


2000 


*Lcj 



S L (*^j 4_u-*Jlj 1 (*^j 4 -4 JL ^ <j-° lH 



^SLULU 



Crhh t - >1 -' ^J^ 1 -^' ( jy - ^* -'- a (^-'-"J _ 
'"■ " ^-~ '*** ,fj ls3j>JI (j-a (j-dLtfc (jyic- ((J-ujJ-^ol (j-ujJ jLiTlvI) (J-^jOJI <Laj|JL<5 4_jj^>o OjjJ>-I _ O 



(^) ^us 1,4 Jitlll (_,!£. j^*^J,l (jj>!l 


(ajv) 4_Ll»JJ (jr L*a^(l <jjj-!l 


4_Ll»JI aJ2j 


2950 


5000 


1 


3900 


5000 


2 



S liLij S 4_Lli<a.t.ul 4_JL-UJJ». <Lg. Li-Lai jLlio aL^3jJI jjjO 4_LlC (_£? _ 

*5 4JL^jJ»JI (_,!£. L&jljjisi Laj S aL^jjJI 4_ L&JljvIjj t 3^a-Jll c^jIj^UI La - 9 
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jJU 104 jata&Ill 



<_fJL!jL=JJ .<Qcl_L^3 4_Sj^i3J AjJlJJLxxJI <Lu-ul_jii]l J " > I A , ^» I j t I Uui> Ct-La.t-uVI p l_^_jT cJjJCita (jyic- <— JjJCiit '— ^J-*-^ 

.O-Lk-uVI <— iIjLiTlvI Jjj^aj (_)^l^i- <L2j_*_<5 



♦ I . . *».( 



AjJijjlxxJI 4_j_<_uLjii]l ' ~ 1 1 A , ^« I j 1 1 t_ma. C<-La.i-uVI p'j->f <L2j_*_a • 

*J2jJ.lj <JvL>JI (_<-i.tLV Cj-Lk-uVI {jja pjj (J^=l! <— )VLqjCu.uVI 4-£jJus • 

.C<-La.t-uVI (_)^l^i- A^jjla • 

.0,-La.t.uVI <— iLLie, a^IILjiI • 

1 ~ 1 1 A , ^» I j t 1 1 L^lSjLLajjj 0,-La.t.uVI (jyic ^ jj LLa 1 1 4_jJLujlII CjIjLli^V I ?.IjjvI • 

.4_JUjl!I cIjLujJlIJl! <J1iLc.L-u 4j (Jj taJJI *j-a=-U <— iLcL-u 4 
. >lI~cIIj Ajus[s>- (jaU^La • 

:3jlJ^luLilkl4 
-17- 




jJU 104 jata&Ill 



Cement CtUwVI- 2 

(jjO fijH2 JlJU (Jj^elu {4J >4Jj-*i 4_Lli<a.t.ul 4_U^*i£. J I (JjTtlu f. U.I LJ cJlJjis I lil 4_$JvVj 4_a_C.LJ 2^L<5 Jji Cj-Lk-uVI 

Ju-i ••^—^^ (Sl0 2 ) UJ^""" 1 .^ i nil lu i o^jI (j^-iLjj (CaO) Ag-t i uJl ^-— i II lu i "^— il (j-o ( _ ? -<-u-ijj J^"~ ' "■,' (JJ-^ju-^j 

.,Jj^*JI J^aj aj-j-coJL^xJI Cd^p LjJ ■ al <^ (Fe 2 3 ) jtjjt^JI jluol^Ij (AL 2 3 ) ajjJlVl 

JuJusJI (aL>- ibLtJsl ,j^~ I 1 'J .(J-lL=JI jjjO A ZD J A /Z) 4-u.oJb ( _ 3 _cxlL=l!I j_su>JI (j_<a i La-ila> qjs Cjul&uiZ I ■» ' i s3J 
;JJ*"~ uJ i uil lu i "^"" >I jl JuJijsJI lu i "^— — -T £yi a Aj» ,\ 4_n.uj (jyic- L^i-*-^ (J"" 3 -'' (J '-^ 3 'M Lr°J-^' J^ 

: 4_jJli!I 4_li.u-ujJ I (Jj^IjJLLj o-Lk-uVI 4_cl_a*a j-cjj 

: *L>JI jiljil ju4^>o ( 1 

?-jl_pj (y^a. (Jj=j_iIu ^_ d)Lu.t>. Jl l^i. ..^— ■" ^lu *u * < < ^ 1 1 £yj 4_ujJi]l jjvLsJJ (j-a aL>JI ^IjJLI ^-jJeTn-uJ 
(jjLicJLI jjjfl t _ <j te.i. u j Lfcjuuj i( __)13jJlJI I JlJ 3Jl*j5 ^jjLita J_ .ilji.1 Ojufc (jj-><-> r<U .rfi-4 3U J 1U (j^ Lgj-uLiLo 

: 4_jJLl!l Jjj-LaJI ,_£JuvLj J_£j><jj Jj 3e Lajj 

.^Ul jj^o / 40 — 32 (j-JI^*- (jyic l£>^j Slurry dn^-c J^=ui ^J^. j>ljll ^ — La3 : 4_lL=.j_!1 iiL^iaJI ♦ 

.ilji.1 (jaijL>iJ (jyic JlcL-oJ L^JI L$jlj_L«_4 <-&'\ (J-<5J .4_jJLc aL>JI ^IjJLI 2— 4jjlajJI 4_n.uJ 0_lL=i lit (J.q.'Cu.uJJ 

. jj^JI J} V^o J^ fLWI 
' - - j**' ' "I yJ-^J^"^"'^ LA*-*^' ^r A^-i - ^ ?■'-*' (J-* 3 'J-h 1 ^ 3 4 j -i'^-' j^yj (j^aii&lij : 4_lL3j ( a LaaJLlI 4_2jj_LaJI ♦ 

.(3j^>JI 4jlor 2_ JijljJI 
J| ■ fll '^JJ 'j'j-^ (J- 56 -*^ 5 4 La i ul^gj 3j-L<-i^a Cj\j^=i J^~ i "■ ^- 2jJ!^j-!I J^-—- "■" : 4^L>- ( axaa-Ill 4_2jj_LaJI ♦ 
.(«j3 ID ^l^v L^-i-a BjuvljJI j-La^ 4_lLi^3 dllj..=3 ^)J^~ '**'"' (jy^*' £i-U (J-* 3 4_Ll13 4_li.uJ 4 '> j •>■ U 1 1 4_jjj2l jljJLI 
fijji^j (Jj=j_iIu ^_ Jj 3e Lajj ^IjJLI ' a a^i ' ^-J^>- , lc^juui j"^— ' >lj Cj Jlv 2I 4^2jjJaJI (j^J : 4^L>JI 4_2jj_LaJI ♦ 

/ 60 ^j-<-u AlLLaJI (j-a LLligli-uj Vj .c-L^uVl ^Lcllua 'j^j 1 j : ^^ > " 4 jj. 1 ^^ 11 jj^" 1 ^ 2;^ cr*i .Powder 

J La-aJI I Jul 4_ 4^L>JI 4 ^jj LaJI ^ylc Ju=3jHJI jj^— J —J .A-tlajJI 4 2jj-LaJI <LvLl>o ^JJI Jjl^JI (jja 
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^"'.'J^^j" lK^*^ (*-y *J-~— ' OJui ^_J .4__>L». SlloS x_alj__' 2— (fijjl^j J'^— • "■ ^_) <i jj 3e La 1 I aL>JI .jlji.1 (jj_»o 
;jj^~ I J^ I U-Il lu I "* : ~ >l <jj->LjJ "^JJ I — tl ^~ • II lU I -<^-iT) 4_J__|L_U ^1 J__>I_L*JI (_i.-l.uJ ^_ fC— — : L3— ill J tiJJjij <LjjLxa..i__> II 

?l_9«jl (JL s-»— — iL I g La I >«j tiJJjij I g 1 ■■ 'I >i ' <__' Lc (J^JtJI ajj I »— — ] .( JijJ_*JI Jljj___3Ij ajj-LwI Jlj-i i— —jIj 

._a ajt__il 

: ^1 (3 

. VjU J! (^jIjj—JI j a 1 ul ^_ (_)___] ajJl_L__j 2jIj_w ^>-j-i Jl (__)_)jj_u i^-^p- (3^1^—5 J jl 4 j_l_ 2jjij_JI j-c-> 

(Jj-a 4-!j (_j___i_JI (jy jlj___ilj _Jj— I -S (jj— Ulj . 14oU (_JI (J— —3 BjIjjv ^>-j^ J— £■ Jjj— — i! UJ-— " (J^~^ (*-* 
j-La— (J__jj .4_Lj_Jl!I ^_ 2jj.S Z, — 1 £)jO (JjLII tfji^ta cX^ J3^~i3 >( J — -w '^J^ 1 Jp"' (J-* 1 ' - ' ".' 

. r 70 Jl<ij> jf 5 Jloj-Jl 

: aj^Lj (JjvIj_<u ,Jj_»JI <-JLc_. <_]}—»- S-sLil j-cjj 
.°950 j__ CaO ^^^-oJL-zxJI ja___=f J} CaC0 3 ^_J___!I z_sUI J^ ^j-a ♦ 
ju ?-jIj_j 2jlj_w ^_ ( juj_»Jlj A^jjJL^Ij ^j__3_Jl_l!Ij a^_uJ___JI j_l_iL__iI) S-u-u-tjjJ I jljJLI ^jLji ♦ 

.°1350 i °1250 

: (j^J 3 JijJ—*. ^Ij-a (__lc (Jj___»JIj 4_i___U .slji.1 (j\j jl g —a ' *l 4_>.j_a ♦ 

C 3 S a^j 1 — tl — _ 1 II (jyJ^G '"'I __ulL 1 ■■ 
C 2 S a^u_J___JI (jyjL— <_jI___JU_u 

C 3 A ■>3, i --t-_-JI ^Mii -jLu^]? 
C 4 AF aj T u_JL_=xJI (jy^-LiJ _J_-)-ajJf i^JjJls- 

7-jIj_j 2j_iJ__> <_ 1 Lllv (j_i 3jLl_ j^i ^$Jl!I Clinker jj_=lI___J I *u_ I <LJj_ _ — ll I «jijj_>JI ^IjJLI <_— l-c. JjlLajj 

— 1UU 2jlj_w 4_wj-S Jl 0Jljj-uJ 4__>l_w _jl.S^a Jl ,Jj_*JI ■* 2 La La (j_a r-j_>oj .f«_a —.3 — J ^j-u £ 'T^"- 

.j-_-ii__-l jjLi^ jijiij ^ ,°200 

: <>_LaJI(4 
.1— L — Jl (j^sj (j— ^^) cy^ 1 -*— ' "- ■— '^_J ^ ^ — -5 ^ J ' " *'. 1 (_)" '^Jl <— L_il ^-a _jlj_= (jJvLL—a ^_ jJ_=l!___J I Jj 3e Laj 
<Ljjljji _j| se —a a 4 La 1 ul^gj (_>2-<J ^-^ (jy^'-^—'l 4j___<_ ^_ C—Lj—uVI 7^j_e_j_ ,4_u.<-a 4_ajju 4_wjjJ (j^tlaJI (<UJJ 

A_i_>_W.(jjl__a Jl 
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. 3j.iA.i-a ^jjLita -L. p) fl-tl 4_c_i____Jl Jt_ajLifu.il al 4 Jj _aj 1 1 __) L__»^L>_i l ,J I 4___>L_v -li'jl j i u - La i ul aj < ijL__ji 




i oi hi *_L___l (-Lc jJ--Lq : ujj 



*0_4l_yifclj_»l-3-2 

l-lLu- J_3j ._^JlJ^.jjj_iJI Cx__v_u jM aJLsJI -L. ljL_u_ul I <-j_-__-)Ij Lg-4-*I (j-* ,C_-Lc__iVI (j_a 2_UJ__. p- l_g_.T __JI_L_. 

: (-Z) jcfaj _jjj_>_tl _L. <_*___« j^j __.I_L__)I ( j) __tl C-Lo.-u'-M aj_>j_l__JI c_- [____> l_aJ» I 
4j_)_a_L__JI <__iL____ljII C----3- 4_a._LJ-II d-Lc-uVl f'j-t : (2) JjJl_»JI 



<__lzl <J*"l 1 nzl 


ffl I II 2i 1 


t ^\ 


4_oLc cjVL*.*Tl_uVI ___ 


Ordinary Portland Cement 


1 gj. 
Type 1 


4_ojL_La Jl 7-L__>_i (_--JI (__iVLc.»Tl_uVI ___ 


Moderate Sulphate Resisting Cement 


2^9_ 
Type 2 


4-jJLcj 


Rapid Hardening Cement 


3^9- 
Type 3 


«jl^O «^ i ,£— 1 11 2 i il , „j -^.11 J"-— • 'I -3 
(2 ,\ AAf ; a d~\l <- 1 A" 


2 )' i_>_n (_j___a_t_La (Til oi ul 

Low Heat Cement 


4^ 
Type 4 


<LojL_L<l (__!! 7-L__>_l (_-jJI (J-lVLo-tTL-u'-M ___ 

J i^^-y"tl 2 ill <- '"«t"_^ I-— > tl 


l"ll"^ 1^— 1 H 2 Ajl St,l 11 <" !-,*,<-, „1 

Sulphate Resisting Cement 


5^9- 
Type 5 



-20- 




jju.104 






t Qi*« VI j* 1^-4-2 

: ^Luu^zxJI ^l>JI -1-4-2 

(JjLLij <j_<s i^-.f"lt tiiJij O-U-mVl 4_cl_L^3 diLJU-C <J^lj-l A-JjI_ia-i^xJI <— iIjLllvVIj J^belll B^Lc (Jj^>o 

J^UclII J? La=j .jJ=xli^xi! 4-tSL^-ltl 4_t_t==^I<J1 *_o TrLluVl '"'I ALall aL>JI J)lj.q.U AjjLjAAi^xJI 4_i_j£=p]| 

(JjJl^JIj ' " ' I a ' a I j -: 1 1 I gILflJI La aj T^LluVI fi-S^- <j-a Jl^jGI! Cj_L<k-uVI (j^J 4_*_L^aJ,l 4_jjL$_L!I S_5lJL I (jyic ^j^>o 



' j^— -jj a VI < ~ 1 1 A , ^« I j ^ 1 1 I ^. U Ci,-L«a.i-uVI jjjo 3 A h ^- 1, 1 c-IjjVI '"'I ^=3j a '• (j) (JjJ-^JI 



(/) AJi^jJLI 4_i_i.u-L!Lj Cj-Lk-uVI '"'I ;*•""' j A 



jLLwjJI (_£JijJl>- 



(\^ 



^aJL=J 



CT^Wj 



^J I , ,, 11 -^— I 11 



^J I , ,,11 -^— I 11 



(^^Lj dj L=ljJLl4 



?3± 



^JL=J 



<Tf («lr (I J( 1 



t* 



10 



19 



55 



I* 



11 



24 



51 



^ 



10 



19 



56 



^ 



12 



49 



28 



t* 



9 



43 



38 



& 



: 4_jjL3-j-aJl (_>^l_p>Jl -2-4-2 

: Fineness instill - 
jisjjj j>f-^ Specific Surface 2^U...\\ ^.Lull CxJL^= Ui=j La_j*j ji^l o-UmVl <jL^ Ui=3 

: 4_jJLl!l j_»*al_L*JI (jyic 4_ajjt_L!l 
claJL>J I ?.La %-a J ^* I flUl! pj-^ul (jL^ 3 I ^^^ Lj-cLJ c>-L<a.i-uVl (jL^J I al^a : ^L^o-t^aJI (JuLilJI <Lu.uJ ♦ 
.i_aL=j J^—- i!uj *uj V ^Lia-j^xJI (JuLilJI 4_Jlc£. (jLa 4_LA~>. ciiLt-u->JI o-JL^a lilj 

,j^~ 1 1 'J .(J-iTuaJI Ci-L«a.i-uVI ^_ L$-La pj-"-"^ fC-cLdl O-ba-i-u^U J I ■ all II 4_jjLc£. ^JJ^""" 1 "' : 4_ajLSJLI jj-LaJ ♦ 

.j-l^jI 2 j ^-— i _■ a <LajLiL<J (jyic ^J j < a -- \ I (j-o 4_jJL*JI <Laj_*_iJI 
I -^^- j 4_c£.u O-Lm-uVI (— i Lu.lv CjjL^s I -: I *^— i <* : aL^sjJI CjLujjv ( ^li't 4^jj^j ,%.1l Ci,-L«a.i-uVI ^ j^^-. ♦ 

.(J-ajj ^ uaa. (j-o aL=jjJI (JJjLt-u-**-. 4_jlaju L^_«J=j_<3l 
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.( C-ia.-,uVI <Laj_*_i jLllt^I (jt JL«jl!I *.j^>JI ^_ (j\Si jW*- TJ~^ ck LU3 '-a3 J-^- 1 ') Lf*-^ 1 jW*- 
.AJ*-/ («_<-u (.ZZjU) ojl JiILa C<-L<a.-,uVI 4_aj_*_L! (_5-i.il I Jlv AjJijjlxxJI (-1)1 a ^alj 1 1 Jap-iTuJj 

: p'j-il aj^Lj (_j!| Ci-L«a.-,uVI <Loj_*_i p j ■ ■■ Sj Jj^-— • i ij 

.ajv/ j«_<-u ZoUU (j-a (JJ2l (j^ij (C^J : <j-^>- O-Lk-uI ♦ 

2 
.rfsjv/ *u-u 4UUU (j-a j_l-=I (J^j aJ2j : ^s-clJ O-Lk-uI ♦ 

? * 

.a^-/ j<u-u 7UUU Jl 5UUU (j-a <_>aJlj ^Jaj : I jl>- *s-cLj o-U-ml ♦ 

: Density iaLi-=xJI - 

. jjj-a J-L-=x-l! I a I JlJcTu-uLj _}Ju>oj . («_<-u/ajv J ..Z Jl J (j-o (_£ JlJ^LjJJjJ I Cj-Lk-u^L! (jr CjjJI (jjjJI 7-jljIb 
4J3}Lc LJ 4_j_u-sL>JI ojuij . *u-u/rfU>- l.jj U.y (_JV r"jb"^ (_^ JLJ^AJ3j_5jJ 1 O-Lk-u^U (jt aj*--><JI (jjjJI Lai 

.Ci-L«a.-,uVI 4_ajjt_b ^-Lpj 

: Normal Consistency C3 _<- U L2J1 aIj_2J1 - 

jL^Jv (JLc-Cli-uLj 4_j_i_uLjJ2 4_LjLas_c (jyic (J J uaJeJLl ( Ci-L«a.-,u V I / ». LI I ) 4_jJL(i,l *.LLI <LxjjiJ JuJ->o j_& 4_L<5 (jlsjJiJI 
JuJl^j jLllvI ^yJUjtJI *j^>JI ^- <— il-^i-j^ jl ^ ?"J-^ Jj'-^l QJ j taJl) <uljia m^b J_<a->J,I Vicat (-^L-=3 ?* 

.U.j j U..Zj (_JV l5-^'-*J! ^JlJ^Ljj^jJI o_L<k-u^U (_>u/a 7-jIjH3j .( Ci,-L<a.-,uVI 4_Ll*jl! (jt jjiLjlSJI aIj_2JI 

: Setting Time dLUI ^j - 

9- j ' j j laj 2j-<5 Jlsuj .OJ2jJI *-<J LjlsojJij L^IujjJ (_Li3 4_uja=_c (jyic ^J j Laa->J I ajj ,*.Ltu O-Lk-uVI Jala* JlIc 

.Initial Setting Time ^1 JlIjVI tiLUI eJayi I jJt> u^-uj^ 4-lLU^VI 4-Lo__*J1 4- cr'i^' tiL-uUlII ^ 

Final Setting ^Lg-Lll tiLUI J I c.-L^>j Jua jj"^" LLh 1 - Ljj J-c-a-l! LfrA>«aj 4. 4_L_j»laJI ?Jlj3 Lajilcj 

,^1 Mitl (_y»jj cr^-"^ ^ >* ^l JlIjVI llLJoJIj *.LLI »-a o-Lk-uVI . U I v ajI ju (_j^j (jy-tJa-alll cJa^JI I jukj .Time 

• j.'» "'"j? LAj-Aj I g ; ' <s J L^liflJ j I gialj>) <LiLs_uj_3»JI (Jjjulaj 4_jJLcjlJ I Juv («^a J-*J 

4_ 4_l<jjLjS 4_ujat£. (jyic ^JljJlj>o (C^J .(i-lLiTaJI ds^La=Jt-<5 jl (-l)Luaj a) ^'^1 L-aXI jljJLI 4_i_i.ujj 2jlj^>JI 4jvjJij 
VI <-:-<^><J «LJLa ,^j^j-«-<-uJI (-1)1 a (^atj 1 1 (_-<-<-il>.j .fijjVL (_U5->iil ' " ' I ^— i _■*** jL^Jv (JLcjlL-uLj 2^J-3ta Bjljjv ^-J^ 

.cjLcL-u 10 (_>£. (jyjLg-LJI L-.LJJI juJj V? j 4_LjS_> 45 (_>£. ^1 jCuVI i-iLUI J^j 
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: Soundness *^>JI ciiLu - 

Cj ioi nVl I " ■**' qj j 7-j-Zjli t-u-u-uj ajse_><ji cJuVJS d ' I ' aj Juu 4-a-?e->. ejuj aJx. <."< ioi nVi (4-%->~ CjLuj JbLaJL) 
4_iaj= 3_sLjjj ( JlSljJLI j-lc) CaO J^>J! j-i^JI (JILa dJL»m JfU <Jl! Lu=ijJL I ^j^-* J JlvIjj £yi /*jJ3j ,' -u '^"t I 

.LeChatelier 4_JGLijJ jL^>- Sia mljj iSj-^i <— iLAJI jLlLvI jLs ,4jji^«-mJI cjLajloI^I cu-m^j 




(J-^jj-jIj <— JLa (jjj (j j "—-i 1, 1 4_JGLijJ jL^>- : /(_j^ 



2jJl ti-J_pJ (*3 .7:LvjJI (j-a (j-t»~jJb ^ kaJbj 4_j_<_uLjJ2 <Lu-L»iul 4_u_5eju (_JL2JI ^Laj ^—-^P" - ' ".' J LiTcw V I j- lL«j^ 

(_lxxl>iJ a3 .ja. (_JLSJI (_£j_<luj_a ^-^La £}AJ 4-aL.u.U 4_uL> 3j_a (j^jLSj tiJUi >J-*-JJ .4-cL.u 3 jJ, (JLJLc 4-!Lv 2— *.La 
I Jui J^JJ^ Cr^ 1 ' " * ' a ' J ** ' >J a '"j? ■'— cj-a-i-u 2 1 _SJ_a_s (j£. jj-J-*-a tiJUi ^jj ^— i j*°i \\?- — 2j*) (j' u - u h}-^ L^V liU - ^' 

.Aji 1U ^c ^jlaI]I 
: ^n l ^jU ^l^iJI -3-4-2 

^ Laj i uJ (jy^S <U Jt_iii]l 4_ajL<La Lai ,43 Lai Jiir" < ul ^_ 4_aLJI 4_li^3 L>J I (JT ji i La » - ^- 1 1 O-Lcj-uVI <LajL<La j_£l*j 

2— 4_ajL2i,l jl.SJ3j .(J^jjJLj ila.L> lit «LLajlJLa £yij-t~=>~\ 2_ I LaaJI C<-La.i.uVI 4_ajLiLaj .4_La-&i iljl j_> Cn-u-Jj 

Ll>iJjJij ^j-ajJI JJ)j-a *-a tiJUi Juu Z^LjJI (JjL*_a (J-Sjj J '.'^~'J? f 5 -" 3 ^ J^""" 1 iSu ((»LjI / ^l^jv) (Jj^il j-«jl!I 

4_ajLflJll t jj sejj ^ (Jli^LcLilJI J -i^-*"' i ■■"' (_^>- Cj\^Ju-a 2JlC j_a^l (jj-tTn-uj Jl£j .^LcLallJI 4^vj^ (^^LaioV 

C^SjJI Ijui ^_ 4_SircjJll 4_a j LaJl I j- LLtJ j fiJijjL^ta 2^Lc ,jj^~ '"' Lajj AO Juu 4_ajLcJll ^_ B^LjjJI (j| zl ,4_jjL^_<JI 

(Lajj 28) (j-aj-II t JLA 4_jiL»JI CjLijual^l OjL*L>-l iXJj Lgalg 4ji^|^J| JLaJv^?l <JLjijJ»JI ajLal! 4_j^L=i 

tjiiLaji jLllvV <jLuij^>JI 4-cl_Li-^ jj-^j ^-^ (jr*-^ ' - ' ^ ' a ' J * ' o^**.' ( -^->L=3 (jlj ,<JLuij^>JI c^j^J IjLl«j5 

.4j=jLaJLI I2_ JL>JI j_& La=i jL>JI (jaiiiaJI I2_ i^aLiwj (Lajj 14 j 7 J 3) JlLa 2jj=L-La 
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(j-C (rfi-a l0U^4U^4U : jj-iToltl (jjjLS-a) <— 1 1 jj-iToll I i 31 ca ' * i Lai >Iaj| 4_ajlJLa i La i ujj a (Jiaj V (jl (_ij>oj 
: (4) JjJl^JI 2_ (>-j-<3 J-A I a^a AjJijjlxxJI (— il (7i^>ljll 2_ ' -1 j I La II i La i ujj a 1 1 ^yJ-iVI JL>JI 



((joi (J a) Ci.la.i-u VI (j-a £jj (Jj=xJ 4 J j LLa 1 1 i La » < '^ 1 1 4_ajLiLa : (4) (JjJlj>JI 



2 


(."< 'mi ci VI p aj 


aoj 28 


^LjT 7 


f^3 


35 


23 


15 


i C -It \-£. i C ..Jij M ™ > fl >',**' 5 n iff ' — 1 




22 


17 


10 






35 


28 


21 






- 


- 


- 






20 


15 


8 


<~*l"j^ i^-i 1t 2 ajI *{\ , \\r t~,)^ tl i\ - 1 



jjlaj (jyic j_i3Ll!l ^_j_l±=3 jj.S La-J 4jjlajJlj 3jlj_=»<JI 4j>-J-S (jLa , jJ LsalLlI 4_i1a£. (jyic- <LajJt-iJI j_<3G (_i_iL>«jj 

. 6j.aTn.u-a 4-±Laj (_3jj_La ^_ <U>JL*J,Lj VI «J_i>. <LajlJLa Jl (Jj^a^allJI ,j^~ i 1 ' V 4JLs liJUjiJj .(j-ajJI *_a <LajLfli,l 

(j_a j_ili=ij (JSI 4_ajl_La (jyic J j i a >■ ? I <_,!! i_£-SjJ tiJJi (jLa i_aL>-j jL>- ?lj-A Jl 4-JL-ujJ»JI Cjuusjju lil Lai 

■ A-JajJI 4^>JL*1L L$-JLc J ua -*•"_' (jjJI tillG 
.4_uiL>JI oJui (j^j ^La-ill *.j^>JI ^_ Tc-tij^J jLiTlvI 2— JaJuiaJI <LajlJLa JJtj>iJj 



.4jala Jl ^j^l <^>" a! ^<j 4-<-Ll J40- (_>: 



:Om^ijj>*j-5-2 

«Ljj^j dli ,*.U,I <— ij-i-uTl! <UuLa / flli a (jjLita ^_ C<-La.t-uVI (jj_><j 



(JT ii-l jJI •»■ La 1 uJI ;jj^"~ Ljij .4jl^oj^3 pjj J^~ ' ' <Lu^ALa SlloS *_aljj*a (_L^I-S (_ijLijiJI C<-La.i-uVI ^jjJ»iJj 
Aj^jI jJI x *lj LaaJJ (JT IiaVI (^jIL-iiI, I (jj£ <Lvj.S jU (j^l (JjflJ V Lu }LjLa L*jjl£ (JjJ=lj^ , LajcL » ^j call 

Jijvj Va <Ua^ILll j^yujs>- (jLa-tiaJ 4_jjJm-a a I <juul!is- t-\ aJl (jr"- •— ' '-'- J-*-*^ 5 ^r '"''<>' "VI (J ' „' : ~' 1 Od3~ :>,J J '^"^JL3 
(j^l (jji^iellJI 2 Jl^s <— i^lj lil Lai . Lajj OU (j^l JiJJ-^ V 2 JlI L^_bj^>iJ J_Lc Vojus 14 (j^l ,j "' J^~ 'VI 4 -*- a J P'-^J' 
.(JjjLi^jVI (Ji-l-i LlaII C>,-La.i-u VI (JLujlL-uI J-Lcj • 3 j a 1 a / (jx. C>-La.i-uVl (j uLt^al 4_^aj pLajjl JiJJJ ^La ,iiJUj 

.Vjf ajSVI C-La-i-uVl JLujlL-uI (jL^a aVI jjil Cr clj_t2 
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: dJ^fellkud -6-2 
: J_oxa]| CjIjLxL^I -1-6-2 

L&Jljjjj (Jj^ liJUjij Sj.LiJe.1 1 4jLI_ui]l <— i L-Lrte-JuJ I jjuuua ^c ' '" I" "*• J jJxa^a (j_a 4_j3"^?I dLLse-iTu-ll *_jjjjv j_lL>o 

: <LjJLi!l <_ iIjLlcwVI (J-^iTuj j .(Jj_lSJI cjIjI_ll>.I ( _ ? -a-uijj ,*-J2ji,l Jt 

(J-aL*_<5 i La » L^aJI 4_ajLiLa A4.xLLu.jJ jL^».) AJtJ><JI CjLlj ,(<— iL=lx9 jL^jv) liLuJI <j-aj '(<j^ J •-$*•) 4_ajJt-«JI 
'" 'D i' i ~^ *' '( a _W- txL ^*-^ ' '- ' "^""^ 'UhiJ^ 1 ^ 4_LLaJI j_lC AxIixLlI .sljJ.1) (^Lxax^xJI (JxLexIlj j_l>JL *_uiux!l 

: ajjjjJI cjljLxLi.Vl -2-6-2 

aIu I <\^— i .*J3jJJ (_,!! -SjJ-o (jJa 1UUU J'^— ■ 1 AjjjjJI <— iljLixvVI *-Ij-^-| (^4^ ,4_be-iToJI j I ua a j Jljj *d lil 
.4-!La-*xuil (JjJ2 tiJJij J-4-u.l J <j-° j"'^""" 1 ' 4_bj_j»o (jyic (jy-t^a (_£ jjl Ciia-i-uVl (jyic AjjjjJI <— iIjLiTlvVI *-lj-^-f 

i La-i tiajl <LajLiLaj i-jLiToJ I (j-ajj ^LajJt-iJI CjIjLiTcwI AjjjjJI dljLxLi-VI (J-a-iaJj 

: jj)L«Jj^Uttl-7-2 

S Ci.-La.i-u VI 4-g.Uxa (JjvIj^j A-&I La _ 1 
5 L$j ki'< JiJlvj 0-La.u.Vl JcLllo 2_ J-a-»xuu <_y.II 4x!jVl .sljll La - 2 

<j «rr;«i,,,VI j^;l^f r.^ti SjujV! ixu.Lu.Vl jl^ll La - 3 

0-La.u.VI (j-a pjj (Jj^xJ dVLa-*xuiVI {«_&! j-^sil S (j-u-^-j* Uui» ,_£JlJ}Ljjijx!I Ci.-La.i-u VI plj->f La _ 4 

S Ci-La-i-uVI ( _ys\^~ (jyic. C i lxtx>J I 4_ajju j_uG La _ D 

S ij*^ 4Jljj_L3 (jr^ 1 ^-^J-*- 1 '— '-'-"■>• Ci.-La.i-u VI plj->f La _ O 

(jyjL^-iil J (jyjl JlxjVI lLLuJ I JijJlj>o Ij-=3 j-a Ciia-m^Ll 4Tixa-&l ^Sa q\i j lLLuJI (j-aj (jy-Lst-a ?"j-u.l _ / 



-25- 




jju.104 






il£a s cjljj>Virt\l L_aU-aJl Jfc Ujj 28 -iJa V»Tih\l ajj^j cj*j ^j .<ij& <J£ j-a (^» 160x40x40) 



2 


(j^O.^i.^lt^.^Vl J**JI 


4_Ll*JI j«J2j 


<■**( («lr (i 3( 1 




64 


1 


1 


63 


2 


62 


3 




59 


1 


2 


58 


2 


60 


3 



S (."ii<>( iiV) l j r a p aj j*— — 1 1 daJi <iaJ I 4_aalJLa i La i u all a i < 



4_d 



Ju^ 2_ UiUJI 



S AjJijjlxxJI '"'I a (^atj all 4_2jLLa^J 0,-La.t.uVI £yt pljj^l OJ.& Jji _ 
■ IjJI diLLsLjIo-VI Loj S (JjjLj—jI ^_ Ll<-Uj <_ijLiji]I 0,-La.t.uVI ^jjj>^i *JL ( a ^-—< ~ y 
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,2> 

i 



il^tlubLjI^lj^l^ 



4_sLim ^IjJLlj daJL>J! ^L* 






iiUJl3^yi JJU104 (jawitUI 



♦ A . . *».( 



.4JLu<j^>JI 1 La I -^ <LJ t* I2_ 4 JLa.CLi.u.1 1 ^>LxJLl p'jJI 4-£jJus • 

* JJ ** ** * J? 4-AjjjfuJj ^L^' .iULp-i-ulj ,1 La 1 3e 1 1 f.\X\ 4jp* % )\-u3 |_£J-<J JijJlj>iJ ^j^j^— i <L2j_*_a • 

.LJLcjlLjiI 4JL^Lj iaLiail .iljll f t^jf ^2jJt-o • 

'"'I ALalLa t_i.i.a>. tiJUjij 4 <* I « >> 1 1 s_sLU pjJj ,<JLjij^>JI i La I ■■»• ? (--<-<-uLlll f.LU f-jj jLl><j ( a ^f—< <_jjJl11I (_3j_*j q'\ 

.4- J LaaII <_jjL*-i!lj <— iIjLllvVI (j^tla • 

tdjIhtailuLilkXt 

<Lal u^l \ .slj-1.1 (JLa.Cu.ulj ^.LuJal 4 jAj^^j ii.Sjjvji.l 4_tc.l_u^aJlj 4_jjlj_lLi]I oLjll J il isa^j 4_<aLc <L2j_*_a 
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a-3Li-U! _!>U!j U-.LA-JI f __«- 3 
Mixing Water and the Admixtures 

: k&ULtl&L&j -1-3 

: 4_j_l__l 4_Li.u-i.ijJ I L_i_L__jJI_) (»3-2j t ^i JV AJL__j->-(l ^- 4_J__iL_u_Mj 4_aLJI j_u_>I_l*_I Juvl J___>J I £.l_o _)!_$_ 

_L 5JLs___JI "oU!jj1»j __ill c-JU-uVl <-Ll-_£. L-j-=- q 4l_.l__3j Hydration c-JU-uVl 4__>Lal <____. J-«ju (1 

.aL___jJI (—1 Lt.u."- <__L_uLc_ (jr^C Lr <1J- ' Cr-^J 4jL_uj_>JI 
. IjLjjv (__-L<4__VI _JiJJ **-4^ (_)1--__JVI ^jj__=_jJ 4___*L$_ t_^-j_*o aL___jJI _)Jb (jyic (J-4-*J \£ 
(____. ^JlC.L__3 4_J^jJl!I (j-a 4___ul__a 4j>-j_. <___L<4__ VI j (j-ii-iJIj **__L_JI al___jJI _yJ L_aJ|JLI i L_-tl>JI y. !____. I ^J 

. ( J T L______ul a (J-l-.iT-Ij I 

J-iLa-l! 4_aj>UI f\l\ 4_lc_= <jl_ I JJ .(_>-/(*) c^U__Vlj ^U! jrij A-LI.U- 4_u__ C _J__ «_._*_! _L J__L>JI *Lo jl^jjj 
L$JL_ 4_j_____J| __J_ cJU-Cll-I li|j .c-JU-uVI <jjj _>* 0.30 _J! 0.25 ^>j rjb-" -^-~*- u '^' j- 4 c^^i-- 3 -^ 

jl) (_Jj->-l *•-« 4_LC__=J 4_3l__>| (ij-lj <__Ujl__ ( (J-L-.lT-l! I 4_LSL__> ^J^___U ^L_J1_)J I JjV 4_3_». 4_vjLL_ 4j|__UJ_*. <______> 

_)_* lj---J <L__=_4_4 4_j_j___j (JJ2Lj ^jj__=_3 _) I _5-~t itii-ajJIj (__i__Jlj J__L>JI 4_dLa__ (J-t^-u-l! (cjLJJlLo 4_3l__>1 

.JL*_->U L^i_ajL_L<3 ( -j> • >- _JI (_jj>j3 i^L_uj_>JI a La I >■ ? I _L ^U! 2-iLjj 

: kb-tlfUjdl^ -2-3 

(j_<a Ll!L_-j , I fljia-i 4jL_uj_>JI ?tI-jJ| 4- ( J-g--li.i-l I *.LLI ;jj-~ 'j _jl v^j ,4jjij____!l 4_l_o1_l_JI (__ !____> i^aJl I <_.___>. 

[C-lL- V _£JJI) (-jj-u-U /_JI___JI f\\\ j-£-»jj .4_t^___*JI jljJllj c_jLjjJl_JIj (_)1_L<i_- _Mj <__jjjJI (JILa 2jl L-jJI _.ljJ.I 
,_£a__fca (jJJjuj V *.l_a (JLq.-Lt.ul ,_>____cj_1 Oj^j£ ( a - _= - *--*•■ ^rj .4jL_uj_><JI J__L>J L__ul__a (<jj- Vj 4_*_ilj Vj 4J 



4_)l j_<3 4_ll__> ^lj-<5 


j^jai _L *;^ 2000 


4j^i_ <__L)^JJ___3 


j^jai _l ^j_v 1000 


__l_ujy__= 


jjJlli 4. ^>v 1000 


'*" _^ |i::—l 


j^jlU-vo^OOO 


<__L^l_i 


j^jai _l ^j_^ 600 


pH (^J^-JJ jLipJ 1 _>.Vl 


<____■? j_>o 4 
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1 <j-a I Jljj r«^j-Jl I JUkj .«CjoJL2 jl (J^i>J,l 4ji>>o*>> (J.C 4.JV.} jji (Ji.lvjjJl.iJ1 r«^j-Jl jl) Jt-jjvjj JlaJ I (j^j^lj 

Ji-*J 1 f<^J-!l (jl ^tP" • ' (*^J"" J^*" ^J^di *■ (*^J"" O-* ^^^ L? '^fl'*-^ iU ( njJI (jl >^p>- • 14 Jiic (jr ^Iiji^ 

/ (j-a AjjISJI Ij_u |4J . / (C^J J-Lc (J^LClU i La i ujJI Jl J caj Ji»- LlsojJij (J-2Jj *u 4_xJsj^j>JI JtjJui I La i uj 

. 14 f«^j-!l Jtic 4ji^JL2 Cr ^aJ2? J'^"' Ji3» LpjojJij Aji^iaJI Juj3 cl*-p» 14 Jl 

LLaJL>J I *.La I§_ (_<-i.aill ^jui LijjL>0 Jiic <LJLuuj^><JL 2jLlo Cs\jJj[3 Jl l^-Sj^J -Slj-1.1 OjJb (jl 3 k«v.M 1 I jJl^J J 

(j 2 "■" <3 j-aj 3j_u.=3 4_jjLvl_} Cj\ JJ-cj (_xj-<-uJ dj Ljj^_l^xJ I J i ^-_ tL-uHJI JljJlv Iju*a l_<-u.uj clll jLJjjii=xJL2 

<JL_uj^>JI A-^>- ^- 5_sl_j^ 4_Lc 7^±h aL^=jJI *-a (J^lLaj Cj Ju><jj i-jLlaJl (J-a5-*3 <J1jLjjJLSJIj < 4JLuu^J»JI < " u ^"j 

< ** '**< ***'"* ?- j-iTuTLLa 

t The Admixtures ttL&il Jljtl -3-3 

: 4J2i\ Jail Jil^JLl <-ij>*3 -1-3-3 

4_JL_uj^>JI r 1 La <* I JajJu daJL>JI 4_jLa-C ?.LoI jl (J_l2 2j_iIuLl<3 4jLuuj^><JI jl ila.L>J I *.La Jl i fll >iaj ^lj-o (JT ji 

(j-u.gj»o (jlajJu ji i LjLfuJI j-aj j-a ?.LLajVI jl (Jjj*jl1!I (JILa ^ > j I La a 4_Ln.a L^al^i- 2 J I < ^>" U jl 4jvjLLaJI 

.*.LjJl! isJuai/J j_lC 4jLuujj». Cr^ 1 J J < ^» -«■ 1 1 jj 4_ajLSJLI jl Jjjulull!! 

4_i2JJhJ3 (-.i-l-U-U 4jLuuj^><JI Jl I fll LeaJJ .cIjLlAJJ^ <_Hj I la .}lj_<5 J I Jj^p- Llxl/5 J I (Jjljjjl J*^~ ' '"' (jr^ 1 -^'J-*' "J 1 -* pW^J 

LgjjJijv j^— aj JjJI iAjjLsJI <Jlilj_utl!l fiLclj^a Cuj>o La=3 .(c^-La-i-uVl jjj ,j-<3 / 2 Jl 0.005 LJLc.) 
.diLaLisVl (JLc-Cli-uL I $'<ji ■■■-*■" ' ■ <~> Sj JtJl tilt i^^liw ^jJw^?l (j^aljiti! 4_n.u-(JL 

: iaL^JLl jljil ^l^f -2-3-3 

: JL La 4JL-ujJ»JI 4-c[j-u3 '2- ULc-Clj-uI «jLiJI 4_aLiail jljil j«uif (j^a 

: (J-l^-iTuTl! 1 4_jLL2 {j\-u±2tL~il ciiLaLJsl (1 
.L^ILajlJLa ^_ fi^Lj ^- a Lijt-^a <JLuuj^>JI (_(-i^aj cLaJLV. •*• ■> • ^jj) j^^~> " (JjJuiuIlJI 4_JbLa jLa ^m 4_ia=3 C'.la lil 

x_a 4jLa3j_a 4_ajLia (jj^stllj . L^ILajLa-a ^_ ^jla Lai»ij I )«-a <jLuujJti! (JjJuIuIlJI 4_JbL2 (J-lxltcIu ^.LU lJljjJs! I jLa 
jlj^j jl <JLuuj^>JI (— )Lj-<-uj1 JLc 2 jLC.Lcu.aj 4 -'^L 5 -ilj-a (JLa-Cn-ul j^— ■ ^ i 4JLa C^aJI Cljlla ^_ 2 J_i>. 4_JLlLiIuj 

.Plasticizers J^Juil!! 4_JbLl! AJ-uuxua 
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: Water Reducing Agent ^Ul-^tl '£_ ^Ul ;. LLI1 j ^xA-Lt ^al ,'^a ±\y* (2 
i>-j)JJ ^yic Jj'^>— tl ajJL^xxiV Super plasticizers A-JLcLaJI ^JLc cjLjjJlIL j>1j11 o'jjt cr «^ujj .4JL-ujJJ1 

.(JSI ?.La 4jlaJ=xj 4 * qjj a <LajlJLaj 4-J-!Lc 

: Retarders tiLUI <^j {jb-yl dLaL^J (3 

Lajlic 2jL>JI *.l^>- ^1 2— 4JL-uj^>JI L-UU3 JuLC (J.q-Cn.uJJ ,4JL-ujJeJL! i-jLiToJI (j-aj j_ti-G (jylc .sljj.1 0jui (J-«-*3 

i_aL=j j_lC O-La-i-u^U (_£.sL*JI LiLfuJI (j-aj UJ^"""'..' LaA-Lc jl >'^>- '-*£>-^ u O-La-i-u^U ^^l JluVI iiJLfu.ll ^j^=xj 

(_(-i^3 J_Lc (J-a-Cn-uJ I a~3 .4JL-uj^>JI (_u^3 <i>.j^a Jl i La I ~- ? I (j^a *.! Jtlbl < 2 tj I U 1 1 (JLcn 2I *_ia^>«-) aLJlL! 

■ ■! '*~~ l 4-)L-u v_>JI) ^ * fl3) a <L^jLa-<-uJ 4.jL-u v_>JI J^ya 2) ' '^"* l '"'' ' 1" -1 

dsLcL-u Cj^Ij u LsaJaj Ji-=»oj (_p2^' Cr^ 1 ^-L-^" "-*-*J 4JL-uj^>JI '£- 1— LJ'uJl (j-aj I Jljj (jj .ilji.1 jui I§_ JajTuTuj^ 

^JjLjJLI 4_LaL>JI <-f.Liu (j-aj <j-a < a • a ) j CjLcL-u Cj^Lj (j-a jIL^jI Jlju (^Lj-iJI i-jLiToJ I (j-aj ;jj^"~ 'J V (jij ' d-iaj j 

.^JjLSJLI LjILajLiLa (j_a / Z/U (j-C iLaJLJall 4JL-uj^>JI 4_ajlJLa (_|2j z (jj (_ij><jj . jljJLI oJui (JLa.Cu.ul (JJ-S 

: Accelerators JlLusIIIj tiLUI (_L^*l! ciLaL^I (4 

*.LLaj| j_utj <UljV 2^jLjJI ?.I_jjv^I I§_ a JlJcHlxU _j .j_p-^/l t J ^JJ'^^" 1 ,' liLiJI (j-ajj f-lj-iJi^U iaLiail ^Ijil ,»>23 

.BjLtJs ju! (j^3 4_lLc <_i3pj Laj 4_tiajaic_(JLI 2jlj^>JI dlLvjJ 2— LjLfuJI 
CjI JjiJI iiljl i^- aJlJcIujijj .4_l!Lc ^j ^— i j a 4_ajLiLa (jyic J j uaj>J I (jyic 'I LaallL ilasJLil CjLaLisVl JlcLjijj 

.<JLj<j^>JI 4^>JL»-a 3jH2 Jjl 2j ^_ jl , LiToll I a I JlJcTli-uI ^_ plj_<jiVI j I ,ljJ=xj-a 

: Air Entraining Agents (j^^oJLl ^I^JI cjLaLisI (5 

.3j_lL^3 CjLcLa2 J'^— • "■ ^_ (Jjj^pkII *-'^(JI (JLi-^l i-LLLijJj Lgiala> *.1_<jI <JLj<j^cJl! jI <J^aJJ ' 31 tiaj jlj-a ^^yji 

(j-LCu La-i2 4_^aLi- A-isLtisVI B^LLI ^>Jui a I JiielLmlJ c jljuatJX I J 4j>-jLLaJI <JLj<j^>JI (_)^l^i- (j^a lj < <^-i ( j_i.u-->jj 

j_i3Gj JljJL>JI 4_ajLLa ^_j ( (I Jl>- 3 >ia are x a Ci.-La.i-u VI J I ^.LLI 4_u_u-i) ^2L>JI <JL-uj^>JI tlLaJij (_ci-aj (J-l^-iTuTu 

.(j-ajJI )«-a <JL-uj^>JI 4_aj^j^ ^_ fi^LjjJI J I ^aLisVLj i xuuOjuzI] fij^La *.1_<jI '"'Ij^Ij-ij^— 1 1) 

: Waterproofing Agents ?UI AjiLiJ x_La dLaLisI (6 
: (j^- <a -'- ij - a (Jl (^ * " S Sj .<JL-uj^>JI J"^~ ■ (_>i-l-i *-LLI AjiLLi Lu-i.uj >>_La-i ^LaLtiVI <>j-& 
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(j-a ^JL-ujJJI *_La L^la ^jJiJIj : Water Repellent Admixtures *U1! B^jLLaJI cjLsLJsVI ♦ 

.4_txi-<3^HI * j*»- La i uJ] ^L}il jl j-LaJLI *.La (_^al LaalLal 

^l^Liiuii Jla) I/'Im^ iJljuaJI jljil (3-q-iJaTijj : Pores Filler Materials cjLclj^ai! iiJUl j>1_jJU ♦ 

Pozzolanic Admixtures i-jJVjj^JI jljil ♦ 

FlyAshj^Lklil ^UjJI ♦ 

Silicate Fume L^lAu-JI ♦ 

Pumping Aids iJL^iJI ^b (Ac 2 JlcL-cuo ^LaLJsl ♦ 

cjljUll SjJ^j cjLaLial ♦ 

Bonding Agents iiL-uLal!! (Ac 2 JlcL-o* cAaLial ♦ 

Pigments <jjAi!1 <_sLiai>. ♦ 

t jj)U>i^U«i -4-3 

S <LJL-uj^>JI ^_ (J.q-'Cu.u.l I i La I ■■»• II ^La L-iALaj La _ 1 

S <GL-uj^>JI i La I >• ^_ (J.c.Cn.u.1 1 All ( _ys\^~ La _ L 

S 2 J I ■ «aj 1 1 j <jvjLLaJI <JLjijJ»JI (_^al_y>. (Ac iaLiall .si Al j-utj La _ 3 

5 L&jj jJ Jj>-j^3 7-j_<i x_a S^LiaJJ .slAI <-&] j~=3i\ - 4 
: JuiLU! ^VUJI 2_ lylUiLLu.1 o^n at ^LMI j|_A| La- 5 

•jLv ^j oaLs ^_ <L>L-u >i<J1 (_i-i^3 ~~ 

. L^_Lt^aJ 2Jljju (j.^'Lal (j)l 4-JL-uj^>JI (LflJ _ 

. -SjL (jaliLa ^_ <GL-uj^>JI 
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.L,J iitiai £>L»Vl j-jjt3j ^jLkJl JU^Vl 

: (jyic 4JL1I (jiL> BjJlSJI <_jjJlL«Jl! ;jj^~ >j BJuvjJI ojui 4_<_ulj_s (j^a ^.L^IuVI Jilc 

. 2 JlL^sHJLI j 4j*.jLLaJI 4JL-uj^>JI (_)^l^i- <L2j_*-a • 

.4_JL_uj^>JI <LajLiL<a £— 2j3|JLI j_»*al_L*JI A^jjla • 

j - > I A , ^» I j 1 1 t I /j"^ tl U aj 4_JL-uj^>JI (jyic <jjlLaX I 4_jJLcjlII Cjljl_Li>. VI #.Ijj>-I • 

2 1 j I U 1 1 1 " 1 1 A , ^» I j t 1 t 2 Juajj.1 (JLcil VI 4_2jLLa-aj ^j^-*- aJI • 

.2j_&L>JI 4JL-uj^>JI -Sjj-o (j-o L^a^llj-ul Jiic LG-s^.*- (jyic- fc ^~ i -- ? ^j ,Ltl»g 4JL-uj^>JI ojui 

.4_JLaaJI cIjLujJlIJl! <J1iLc.L-u O j ^j Lai]| *j-^*-U diLcL-u 4 

:3d£L^m JjL«$JI 

■<— iljLiivVI JaaJ ^-u-ullll cj! jutllj <_ iljjiVl • 

■ 4_ J U-<JLI <_Jjl_a=-i!lj <— iIjLllvVI Jj^tLa • 
a * La ' 1 1 J 2j_&L>JI 4JL-uj^>JI » » '^" JjvI Jl 4_jjlja^3 2jLj • 

^IjJllj Ja.L>J I s-Laj C<-L<a.i-uVlj aL=jjJI <J_^ iliJLiiJIj 4_j_)LliJlj JjVI <_Hj 1 JuvjJI ^_ «LL-ulj.S (3-li-u La <L2j_*_<a 

.iaLiail 
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The Concrete 2 Jl mjJcJI - 4 

t 3u_& -1-4 

l_Ui Jl ' 31 l_>j jj] (jJ=x^jj .(J-iTuaJIj a-iLL!! aL___jJIj *.U,Ij C-La.t.u'-M (JjO 4_u.-,a (_j-<-uJb i La^ti-*- <____ 4j|__uj_>_il 

a 1 1 , s>~ t I j 4jvj_L__l 4jL_uj_>_il ^_ys\^>~ (_p3JU (j'-'-"-*-*-' ^ **' -is a ^lj-a (4 Laj i _J (_<-<-uJb) i La-iL>Jl 

4_uL_uj_><_l <Ll___S-ll 4 '' j -— 1 1 I jljJLI (-.i-i-uJ JijJ_>_t Jl l__Jl£J 4_uL_uj_><_I (Jl) I __l_»-t I ^ J a L__ll _$)j--> 2JlC JLvjjj 

a 1 1 ( ^" t 1 j 4jvj___]l L^j-JLv _L. <JL-ujJeJL! ^^j_Laj ^^J^ .^'^^ _y} (Jj-^J-J 

Properties of Fresh Concrete: 4*-j_i_JI 4JLwj__}l jtfl^i- -2-4 

: Consistency ^L_uj_>J1 aljja -1-2-4 

4_l___i!I (j^f ^-*' ^^~* .iJL<-uj-StU 4_i.li.u-L! I 4_t^J--oJ I (j__ j_L_£J ( Lgll '"' A^-J-S 4_>.jL__JI 4jL_uj_>JI ^1j-dJ jL-___ij 

.4jL_uj_>JI_) 4J2l_>JI JtljJJ 4_La_==J |J___>J I *.La 4_LA_=_) (j\i 

: 4_jJL_JI (— iljL__>.VI _£J_vLj 4jL_uj_>JI (»Ij^ c/m-*-^ _j^~- i 'j 

: Slump Test ^$^\ jL-c-l (1 

(__.__. I glj___3 "■" Jlju 1_4__j__(_ _£J_a (J"l±j_u 4^L_-uj_>JI 4___J_>JI (^Ij^ JijJ_>_i j__ jL-c-VI l_U_ (j^a (__)_3jJlJI 
lji_i_ *.Ij_»-I Jj.-?L_i) .*_J_ljJ>lj _J_aL*J>l _L_ x__ulj (J__=___uJ jL-lr-VI I Jl__ ( J_y--_-uJij .(_)___)__ J_>j)j__ta 4_u__ 

.((__._c.-3l *.j_>JI _L- is.S^>.j^a jL-lt-VI 

shear slump <_,__!_ __>_m__ jf True slump ___U__v __>_m__ : -L____ip.l 4_J1_>J S-alla-a JL______? 4_-}l_< o__>_ij 

.collapse slump jL^Jl j! 

: O) («^J _)jJl><_I Lg-fc- _> jj I a-=-3 4_>.jLL__l 4jL_uj_>iJI f^J-3 '^J- 1 cV 1 ' J .' i " 4 --u---ll 4 a-L_JI j .'*"j? 





J_>9_uJi jL-c-l ( 


______ 4^L_uj_>JI aljja : (5) JjJ_>J1 




220-180 


200 - 100 


120 -30 


40-10 


20-0 


(<**) -^j^-' 


sloppy 


J_J-a 

wet 


j__ 
plastic 


1 iK^i 

stiff 


dry 


<_l__ij__ll alj_ 
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: Flow Test t-jLu-aJVI jLicJ (2 
Jojj^jcJl ^g^jij_j jljJLil *.Ijj>-Lj <_d_!j>j < <JL<_uj^>iJI <_j Li_i.uj V 4_j^jJLI 4_i_i.u-L!I (j\A-iLu jL-lcwVI I j_& ^j ^>" jo 

<— iLl.-i.lJ VI jLpi-l t-t-itCfc. 4JL-ujJk]1 s.\^2 : (6) JjJl>JI 



150-110 


120-90 


100-50 


60-15 


20-0 


(o/ ) ^IW^ 1 


sloppy 


wet 


plastic 


stiff 


L-aLa. 

dry 


AJLui^kJl alja 



J i .alb aj*.=j 1 J .0 Ljjjjj <-uj 1 J I AjJa3 ( a ua ' 3^=5 ' a t-a ' J*^~ i "■ <jjJ-C (J-23 (j-a L-uL-uI jLj^>JI (jjj=ilu 
•»■ La i ■■ (jyic jLLaVI I Jui >-^=J ij^"* 1 i 'J -jLIal (Ji*l-S 4_»lI12 £yi ^_LSilJ1 JjJj-bj .t^jJl4 (jjiLJLa I fcj^ ^ <-&J 

Ball Penetration Test (^1^=) ^Ipi-VI lj^= jLpSJ (3 

jl jJLa Tz-uz^J ( /) (<^2j (JjjL^>Jlj f 4_j_)L-uj^><JI 4_LaJL>JI f\jf£ (J-C 4_j L-uj..i<J I (_)i-l-S JjljHi-VI J I jJL<5 J-LSU 





(JljUi-VI jLJL-^I (. 


_x^ajv 4JL-ujJk]1 aljl : (7) JjJl>JI 




120-100 


100 - 80 


80-40 


40-20 


20-0 


( r ) JljSiyi 


sloppy 


wet 


plastic 


1 iK^I 

stiff 


i—ala. 

dry 


AJLui^aJl aljS 



: Workability JjJuil!! ^JbLa -2-2-4 

<UaL>J I iJjLLaj <_ct-a L$j (jJ=x^j <_jJ-!l 2 1j ^ , „1l (j-Lp (_jjJI 4jvjLLaJI 4JL-uj^>JI 4_Li^a L->> (JT ji (Jjjuiilli! 4_jJbLSJI 

. (jr lj-i->J I (J I ca a '^ I L^ILajlJLaj I g i ■■ )l -*• i <^-J-i l)"*-aJ I o^^ ' 4_jjLluj^>JI 

: 4_jJLl!l <jijIjLlL>-VLj <JLlujJcJl! (Jjjuiilii! 4_JbLSJI ajlus\J>~ (jjjLSjj 
: Compacting Factor Test <-£JLajJ1 J-aLc jLOrwl ( 1 
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^JIZLlUJJ t (JJAluTlU 4_JbLSjl |_£J-<5 J£,JJJ«J 4JLlUJ^>JI liLfljJ AJ^LII Jl$J>JI (_)] (JJiLml (jyic (jyJ-J-0 jLiTlvVI I Jjk 

: AJ2>L*J1 (j-a tiLajJI J-aLfcxi 

(1-4) =^^1^1^ 

4_JbL2 (J^jLlSJ 4_2jj_LaJI tfjuk aJlJCllujj .(_Lul!I fJSji. <—<-LuLLa j-lCj LlLjjl/j IjLllvI tiLajJI (_LaLc jLllvI Jl*jj 

4_LiTuJ»JI ' " ' LLa I ~- 1 1 j (Jjjuiilli! 4_JbLSJI 4_tiajiic_L<5 '"" LaL>JI I JlC La <LjjL-uj^>iJI < " 1 I LaL>J I *_iaj>J (JjaluTJ I 

'"'I LaJL>JI ojij 4 ^j^ S 7?->Lu (jyic (J j ' aa >■ 1 1 jJlCl! ((*s-<5 JO (_yJ (_)J2 1 j_l^3 ^? I ( aL=3jJI jLiTlcI (jjilJLa) 

.(o) aJ2j (JjJl^JI I§_ I n^-— i (J-ia-iTuTlII 4_dbLii]l JjJl>«j (JJ=l«j tiLajJI J-aLs-o 4J2j_jl*J9 



tlLajJI J-oLit-a jLllvI i^jums- 4JLlujJ»JI 4_JlJlAj : (o) (JjJl>JI 



4_JLc 


A U> , ,.j" A 


^ <>> A-»- ; a 


1. 1-%. 2 ,>> A-»- ; a 


i-LLLi-lTuTlJI 4j>-JJ 


0.95 


0.92 


0.85 


0.78 


tilajJI J-aLfcxi 


175- 100 


100- 50 


50- 25 


25- 


({4-a) Ja^jjJI 



: Vebe Test Cr ^2 jLpi-l (2 
i!j>j) d"Uj^> ^ ,i aj Lu^Sj «l!j Remoulding Test Jj^ -"^ 3jLcI jLlvV ^W Jl *^ jL>lvVI I juk Jl*j 

.jTjJI £ys Vjlj j^JLi dJLajJI *ujj (<b 4_iL>JJl!1 r.ljU...VI c.-l<J| 

: Air Content ajjL^JI cjLcIjJJI ^j^ta -3-2-4 

jjlj I aJb=a.a .L&JlL^sj Jl*j 4JLluj^>JI (_^aL^». cr^ 1 L^=l-o^ Jl*j 4jvjLLaJI 4JLluj^>JI '£— dj Lc. I j_aJ I 4-j-uiJ j-J^J 

i La * Leal! L^ILajlJLa i _ ■ a » i ^j LJ^Li- oLjll <_jj_luj jlj <JL_uj^>JI ^_ tljlclj-aJI 
dljLjii! Boyle (Jj^J (j^JLa (jylc jLcUcVL) i LaJi JaJI (JJj-La (_>c *-WJI <UjaiJ (jjiLjil! jLgJ*- til! jj (_La.CLi.ujg 

./ 7 (JjC. 2-^jl LaJI <JLlujJ»JI '£- diLclj-i!! A-LLuJ JljJJ V? (_>_->o I aj n e J .<j-!LHI 

Bleeding j^aJJI jUUI ^Jj -4-2-4 

jlj^a SjJlS aJlC ^a=_uj I JUk CjJl>oj ^-U.,.tl J J C-LajjVI J! 4j>.jLLaJI AjJLlujJ-JI <~<l LalkJI 2_ ^.LLI JjyW 
(_y3 (_ r Lc^?l *j-^>JI 7e • • gaj tlL! jj iatjluj .4JLluj^>JI (J^iLi- j-luTllI I i La I >■ ? I ?.La (jyic liLajsJI (jyic <JLluj^>JI 
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3 *** I Lga^a ^\^jO Jl *.jj*Jl!Ij aj^LII j^j j"'^~ J) "L»-<3 '"' „ ^^~ l aI JlJcTu-uI ^JLftJ Lg-L<3 *.U,I 7-j-i *_Lt 4_jjL-uj^><JI 

: Segregation ^.l^JI Jl ,^aWI -5-2-4 

Jlj Vj peJa-mJI (jyic j a Laj (_y-!l 4_c£.Ll!l <J1jLu_l>JIj (JjL-uI Jl (Jj-JJ (_y-!l 4_LiTuJxJI (— l Lu-i->J I (j-U (Jl ua-fljl J-&J 
. L^ILaj^jJij 4JL-uj^>JI (_)^l^i- cr^ 1 *J li^b <— i Lt-tJ-m j-o 4J U, (jt ± : laj>JI (J I uz a i^f I ^Jj <^>-v aJlC (jylc (J-«-*-!l j-a 

.lj_lii=3 aJTllU 

(_ ci^3 j (_r^ J J Jaii-j 4-Jjl_L<5 ^_ 4_h_iLji]I Jjj-LaJI pLuL (j julls- (Jl ca aj| ^Jj .^-n.. (JLcIoJ (JjISj j*^~ ' <a l I -i' : — ■ 

t Properties of Hardened Concrete SJLLalildJLwj^} I j«l^ -3-4 
: Compressive Strength .U;.MI 4_<jj|JLo -1-3-4 

L^j^jjv 4j>-j_S (j-C J^-*J Cy*J .Jj^llsVI cA' 1 * ^ "*"' » ' <JL^"j^>JI (_)^ljiw (tuii ( _ 7 -4 i La-i <Iaj| <LajLiL<J (jl 
(JjjO ,_£jj>-2l diLajLSJLIj (_^Ijj>JI p^«« (jl ^-£»- 4JL-u^itl! a^I 4_ajLSJll ( JT ji i LaJi LeaJI <LajLiL<aj j**'^' N -N ""'J? 

(j "^— i «jIj i La » - ^- 1 1 4_ajLS-<5 3^Ljjj Jijj-^J (j < iii ">•"" pg-JLi-uTJI J^J^>- f-o ljL-uL»!l!Ij (j-a-flJ I j ^LL^oVlj jiZuJI 
t3 -u.Lu.Vl (_hL2II ^ j<uj 150 x 150 x 150 jLuVl cili cjlj*^nt,l jLa ojjt,„tl cjLL^IjII (.,,„^j 

.4_<jL*JIj ^j-ij -i LallJIj 4_l2j^xxl1! I (__)i3lj_c.}U i LaJi <iaj| .SLgjvV I gJ -: -*• i ^Jl^jj <JLj/j^>JI 6-i_^>- LLa-ais (J^IjLlcwV 

o^l>V ^ 200 >< 200 >< 200 Ij^=j ^ 100 x 100 >< 100 A*ti\ ^li ol. t ^ i l aj^i^j 

^Ij^-V pLfljjl f«MJ 300 x j-Lai *ui 150 JlLftjVl tllli .~>IMjU...Vl AjJeTa-uJ La==3 .4_JLaa1I oLsoVl 

i La ^'^ ^ j-ij-i <^**<tl 2jj)j_tiaJI ^JLv ^_ j] CjL>o^(I 

( jr cljjj ( L i 2 /) oLjJ.1 2jIjj>- ^>-j^ jj^~ '" ^^p~ <L>JL*J.I ^yz>\$2>~\ '2— i_Jlji!l tils Jlju <_ iLLLtJI x_Jsjjj 

.<— il-LLtJL i2JL»JI (jl < V'tVI «_La <— ijjj (JjO (j^ali&lL! (JS^?I (jyic L-ajJ 1»5 (J^ 3 *W^^ ^^ L ?"^ 
i-aLc '"'I a i^alj 1 1 ^_ 4 jjlLaX I jl »cVlj . Lj^jLlL'^I J_cj-a (jy^>- 4^>JL«JLI (_)laljjvl ^_ i " 1 1 j « == ■ 1 1 • La aa> (<UJJ 
(— )ljLpa>Lj aLlSJI ,j-a^il (_, ' '-*•"' 3 1 lil ,(j-==x^j I -i' : — ■ -LajJ -^O j / j j : ( JT ji 4_^aLi- Aj^jjljjJI '"'I a <*alj I lj 

. Ij g "■ 1Z j 7 j O j J Jl»j jl LajJ Zl j 14 : (J^-« l^J^-I ^i^-'j- 3 ^r i-LajLtiaJ I 
: 4_l!l1!I <U_sL*_1,u «_jj-1 I jIL»-tll, I (jyic (jj^jjJL ((_>^ ) 4_LLtl! • La » i ^- II 4_ajLLa i_j 
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(2-4) 



<r 



L>^ 



jLlLvVI 4_uj»J (J-caTlII •»■ La i -< 4_vl_wi-a ( _ 3 -4 a j (jj^jjJL jLi^-iVI JlIc ^ uaiiVI (_Ls_><JI j-& r- : (jl ^J^*- 

: Tensile Strength jiAll 4_ajLLa -2-3-4 

6j.LX.U2i JlALI L^ILajLLa (J I li^p- J-_uLJ,l jAJI i^gjfS AjLjj V (pg-tL-UJ ^JjjLj) 4j_sL*JI 4jL-UJ_>JI (j] L_9j)J_tJ,l jjjO 

<jV jLllcVI _f_ LfcJL>J uaj 4_Lq-&? JlAU (jLa tilli *_aj . L^j^LuaS 4 »j^,Ul L-Uij iLaJLJaU L^ILajLU 4_t.,.u_LtL 

4_a=_jlu '"'I ^ "."it I ^ Laj( a Cj J_><jj . JlAu 4jL-uj_>JI 4_ajLLa a Jul! jl ( dJU-aJ 4_as_pj VI j-& La '"" ^ ."."it I CjjJjs. 

, U » , %. 1 1 4_ajLLa (j_a / 111 J / (j^ 1 -'-^'' u -^ 4jL-uj_>JI 4_ajLLa ?-jlj_ijj .lJ3L__»JL ( ^La__=_i'_M 

: (j-t-c-'-u-s Jl 4jL-uj_jtl! JiAJI jLJL'^I *.Ij_>.| (Jj-la c^ * " * "j? 
jjj-ll JlAII j_ut3 (j-a L>oL 4_ujiJI j-lm~=i (j^^JLj : Direct Tensile Test j_<iLJL I JlAI jLpi-l iSj^Jo (1 

Ct-t-pj 3-tjjtxoJ j__uLJ,l J-uuil (JIjIjLllvI ^j_>o La Ij_sLj .4_Ljjl!I (jylc fij-wuLba jLllvVI 4_L___iLa (j^j 

lj_uG j3j\j (jj^Jlj jLlL-wVI 4_Llc (^yic aj^jLj <__>l_sl_£>.l jJjjJj 4_Li___)I!I <__iL}L___' (2rv jLlL-^VI <_ iLLlc 

. JiAJI 4_ajLLa (J-jLlSJ 2j_wuLwa j_uC Jjj-La (j^! ^-J^*-^ f*-^ 4-JLii tiJJjJj .jLllvVI 4_s_jIu (jyic lj_i_/Lwa 




j_iLJll JlAII jLllvV 4JL_/j_>JI 4j_u_ : 8(J__=lAI 
4_2jjJ_JI <___£ ilajLse-u-ail ,Jj-taJI j^-=^ : Indirect Tensile Test j_i LI I juc. JlAI jLlTl-J 4_2jij_L_. (2 

(J__=lAI il_ La_= *u-u 30 LJjiaj *u-u 15 I .Vj LaJ3 ^MjU ,„l Jj=__i il_ 4J_l*JI jj^— " tt-_i_»- 4_Jbjljwjil 
(j^j (j-tj_*o>-lf L$j_ul_>. (jyicj (jj-^^ ^-^3 ^r jLTcvVI 4_Li___)La (^^.tulj (j^-J jLl->-VI 4_Luc x_t_3jj .(-?) 
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(J^J^sJI (J-Se-i-uJ LijLl^jl J-LCJ 4_LnJI j , „^— . t i 

(3-4) = 



= j-iIuLJLI j-^C- J-tiil 4_ajLiLa 



(J X ,3J x t-ta V-^ 3 X ^J^ " l> ^ cLa-pta 



. p 




ijLii 



, D 




CT Lj!>^i JiAJi 4_L£. 4-^'-iU*"V tup : lOj^xAii objb.'^ '"'^ ^'''j^'" 1 • 9jj 



.All 



: Flexural Strength *l_bo^l 4_ajLla -3-3-4 

2— (J-LCJe-iJI 4_3e_»Iu 4-3&JL.U.I I <JL_ujj»JI ^_ .LcjI-S till .SLgJvVI O^Jb JJjJJJ .?.l_L>ijVI t_u-mU J Mill 4_ajLiLa (jr ii 
4_u_mJ Loj i!jIj_cj=lJI ( jr lc (JLiLLa^i-iJI (J_iaj>iJ tiJUi (JLlLaj .(^L-ujZkJI j uaJutJ I JJ^e-« (jyic ^Jjac ^L>ol 

4_i_i.u-Li 4_JL<-u^ieJL! JlAJI 4_ajlJLo £yc J»jj3j i La * ' a 1 1 4_aj|JL« (j-a A ZO J IZ ju *.l_L>oVI 4_«j|JL« 7-jl^pjj 

.7. 100JI60 

lZ)U x lZ)U) Cj Ijj i"i i a J^~* ' "' ^- 4 la-i 1 uJ ' " ' Ij -: *■—■ j 1 1 .. ^— ■" t j " ^- 1 1 £_ I jl n /- j.LL^o'al 4_ajL2-a j_i,-i.u--><j 

: tjryij^kJ! ^jl^L u^a l^hh^sj ^ (^ 400 x 100 x 100 j? ^ 600 x 

I uaJL>. *l_L»ol jLlcwVI IJufc (jylaju *^j ,(1 lj^xAJI) 3j-c^xJ1 ( a ■ aj '• a 4- j-=j-a JljvIj J-*J>- ♦ 
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^ 



77/^7 



^ 



77777 



■+»«- 



d d 

iJjvlj ^ La^j J_Lc 2j_«j=xJI (Jjaj><j J_Lc *.1_L>jVI j L Jew I : 1 I J^"- 1 -"^ 

.(j-aJa Jl^-I^j jjjj pure bending <j-aJL>. *l_bol ^c 



P/2 



P/2 



2 



//7// 



^ 



///// 



-►*■ 



■+-«- 



4d 



{j*~< La.2 ' Jiic 2j_«j=xJI (J t iaj>ij JJlc *.l_L>jVI jLiTcwl : l^ijji 



(j-dLa2j 

: Shear Strength ^stl ^jjLLa -4-3-4 

L^ILajlJLa (j_^s j_l-=jI (_ 3 -&J , U» ,%.1l 4_ajLiL<J (j-a A 1.Z Jl 1U JijJjv ^_ ^j-^^lt 4_JL-uj^>JI <LajlJLa (JjJ=xj 
tiiJj (J-q-je-iJ ?g_JLi.uj JkJJ^ t-L&^jt ( _y£i2JI <J1jI^L^>.V 4JL-uj^>JI ( ajuiaJ lj_kuj .A jU Jl .ZU ^^Ij^o Jufull 

: Strength Bond *^Luill Jy-^j 4JL-ujJ»JI jru tiL^Ullt ixijlJLa -5-3-4 

(>_) Adhesion jl .V/lVl ^ <_£L_ul_cl!1 4_ojLLa LiUj .<_yJL.ujJ.J1 Liill ^yic S^iijJLI JLuv^l j-uLj coo 

(j^o lillj ^aj .Friction 4JLu<jJk]Ij ^j-mil ^ -*• La • •■ (j-L_i i-dl ^-."^Vl ^^ ,<u tp&-tL-ul!l juJlvj <jLj<jJ»JI 

rfs-a/j 4.5 Jl 2.5 (j-a liJL-uLcl!! 4_ajLLa t-jIjILjj .Bearing 7-L^uVl I§_ fijjL-JI ^l^jlill ^yic J-lqaTlII 
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2 
Lc^-L-tli I ^j" 1 ^"— '^ ,l£JL-uL»HjI 4_ajL2JL BJljJlC (— iIjLllvI Jlvjjj .( /^.o/^j .Zj) 4j_sL*JI <LajL2!l dlli <JLjijjJcJl! 

ol JljvV tiUij Jl-^ J_<uv Jl 7tj_caJI <_>i=>^ ^-*>- Pull Out Test p^ll^VI UujL^ dJL-uUl!! jL-icJ 
(4-4) — -^ — = ciLaUUI ^jL^ 

.<JLjij^>iJI I§_(j^jJLI 7T.-Ll.uJ I (JjJo (J J TL-Ll-uJI J-LaJS (J I( jVjJ}lJ (_ t.U.U.U (J^><J I 7~ ^^p- 
.(J-LCJe-lJI (Jj^ <JLj<j^>JI *_<J 4J=j_<jjLcILU TL-Ll-uJI 4JvLlxl/J {j£. (J Jj da J_L*J^J 

: Concrete Permeability <jL_ujJkJ1 AjiUJ -6-3-4 

4_<aLi 4_i_i^3 L>. 4_jiLai!lj .4JI_<-uj^>Jl (J^Lj>- (_pL^-" l£^ Vj-"^ O^""" 1 ^ ' I ^"'-^ i ul^j (jj^J' 4_li^3 L>J I (JT ji AjiLal!! 

CjL_JIj^>JIj T^j "*^ (J-^-* 3 4-^LJJ <— 'I "till I§_ I . -^j . -^ -^ (jl_J=uaVl jJ^-J2 I g j'^N "' '—'—70 4_Jl uij^>JI I§_ 

<— i-i'j I ol=3 <LJI t_3j)j_*J,l (j-aj .CjL<3laj>JI ( aJLmlj ^IjJLI 4_a_»,ajlj ^jLl^xJI JlcIjJ2j j_u-ulji,lj JijJujJIj 

4JG2J 4_Jl>J jJI diLclj-aJI -Sjp-j 4JG2 ^yic JjG 2'^l",^— II 2_sLj jV < L^b^LaJ cJJa I »1^3 4JL.ujJ.Jl 2^1",^-, 

.4Jij_juIuJI CjIj_«jJLI 

(JjjLSJI Luod 4_ujl!I ^_ ?.UI iLLi (j-aj <J^>- <JLj<j^cJl! 4jjLai!l (J-aLs^a <_jLlxlv ajj 4jiLai!l jLll'^I ^_j 

(5-4) -i^>- = a 

(4_jjLj/ <-uj) AjLujj^cH 4jiLal!l (J-aLiL^j : <_d : ^-p- 

3 
( <-uj) <J\-ujjJ>t]\ (J^L>- Juajj (_jjJI *-HI 4_ui~3 : (_£ 

2 
( (4-uj) LLaJt-Ltal! ^Ia j-*X< * U ^ 1 1 <jvLulo : ^jjj 

(4_jjLj) *.U,I iLiJ (j-aj : <— i 

«U}L>. f U! juajj (^ jJI J^iaJI (Jl *LU £ya 4_ia^3 f-^j' A-J-^ : — 

_ v. -> - - ^_ . j 

(,UAI ,^tl f-Ujjl V j 4_LaJI J^la "J") 

.4_jjLj/j«uji 0.003 Jl 0.002 ^1^0 XtLujjjzzM 4j\i a;ii j^jL»-<3 jj^Sj^ 

: aJUjiU I ^UjLm j Sjjjll j^Lal! -4-4 
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.tcJI ... 4_<sjjt_L!l ,4_jj|_iAJi=iJI 4_j_i£=3j_l!I : Ci-L«a.i-uVI ♦ 
^■jJlIJI j aIj=jJI •»■ La i ■■ 4_JL>. j (jjjLSJLIj J^-* iaJI j a 2I 2jl_»^>JI <jlLo : (j-iiiJIj ahLlII aIj=jjJI ♦ 

.TtJI ... C<-La.t-uVI (_j!l aIj=jJI 4_.L1.UJ J ( _-J-t-U>J I 

.^Ji ... <.-,iq,„yi ji »m Li.- josijoj-g-iti gn-s-jp-i : »m ♦ 

.tJI ... ^L-m-^-JI cj^LcLalll ,4j(i,i(tl : A-al L-all jljil ♦ 

: ijj_»L_JI t_3j)j_La (.Z 
4_Ll_JI dsLmLiLaj J^"~ ' "' ^ 

4_L±-JI _§_ 4.JjlajJI 4_l_jjJ ♦ 

4j>JL*J,l BjljJVJ 4_Ll'-JI SjljJS. ♦ 

4jj^lI1_J (J.LQA-'-l I 4_2jj_La ♦ 

: ^>JL*II (3 

ij\j^\ ♦ 

: j 1 L-3L3e-Ltl 4_2jj_La (4- 

a La I >i 1 1 tljLJ^=j_a ♦ 

-LaJL--J I 4_2b^ia ♦ 

J-JljL-JLajJI ♦ 

' 1 L-aJI a I x-tisajl 4_2jvLs ♦ 

: jj)Ujj*iiwi -5-4 

S ^jvjLLaJI 4JLt_ij^>JI (_^al^i- La _ 1 

S L$-l_jLl-L! 4JLcaILl_JLI (JJ-IjLllvVI *uilj 4 • 1 i sail 1 1 4jLl_ij^>JI (_^al^i- La _ .Z 

<— iLuaJI _>JuS> j_t_ii= f«_i ajj ZO -Jt-*-;iJ .4JLl_ij^>JI (j-a (j«_a I^U^IDU^IDU) (jjjLJLa ( ~ 1 1 • • ^— 1 a *_i__-s («-) _ J 

: (j-JLlII (JjJl^JI I§_ 4\ji2jJLI ^JiLli!! (j-J-c LlL--a >-■ j ,1 La * • h 4->j^>Z (J}L>. (j^a 
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laa ■ tall 4_ajlLa 


^j- All (J^a^ 






4jj*j|^j 




814 




8255 


1 




845 




8301 


2 




822 




8282 


3 



3 4_il_<-u>iJl 0J-J /_ aa- > Ji (jjajl i La i u all a < ii.a>. I ~ 

S 4JL-uj^>JI ^J-J JaJniaJI 4_ajLiLa i La i ujH a t_<.i.a>.l~ 



JLuJI 4_ajLLa 

(V/u) 


j' uSll (_>aaL 


(V/u) 


j' u£JI (_>aaL 


<ij*Jl aij 




170 




57 


1 




176 




61 


2 




172 




58 


3 



S ij-iIuLJll 4_2jj_LaJL 4JL-uj^>JI 0J-J J_iiJI 4_ajLiLa i La i "j"' a t_j_ 



S 4JL-u^itl! Ju~a}\ <LajLiLaj (J^jLjiJI (jjij-cIlJI) JaJuiaJI <LajLiLa £j-ij <jj>-^" 
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♦ j . . **.< 



.4JL-uj^>JI 1 La La- Jjj-La 4-2j-*-a * 
.<GL_uj^>JI iiJLa_S Jjj-La ^J-*-* 3 * 

• f-^j-U I§_ 4_jL-ujJel! 3 j j I La 1 1 2.S^>JI ^yic Jj.^-^tl 

. (jLluvIisj (jLicL<-u 
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Concrete Technology 4jU>*J I 4^Lu9 4m2j- 5 



aj3j .(JjijLscILo i k^l^ (jjJ-C- ^Jj uaj>J I J O-uu-u VI 4_Ll3bJLJ aL=3jJI il) Lllv S-tLaJtJ Jl i La I -»• ? I 4_JLa£. (—SJl^j 
oli (JlsLLa^L*. (Jl «n"irnL 1^— j''l^— j" (jLp>VI <■ rlf ? 2_j 2U.i...y 4_l*^=JI CxJL^a lil Lj^Jy JaiJJl 4jUf 
jjjo JaliJI (j-aj 7-jIjjj^j .^yJljIiJI (jyic ( 14) j ( 1 j) ^y l^-» iSJI ^_ I -i^— ' 3j-<Cn.u.a diLLa^L^ j! 3 Juvlj iij-J-C- 








j-cTn-u-a Jo^Li- : In-jji 



isJu>Jj 2j_lc ji Jo}L». : 1 j(J.=ijIaJI 



$&U>*NJ23-2-5 

4_uj.=3 (jyic J-qTiAj 4_2j^_LaJI jLllvIj ' • LaaJI ^jl ^— i a Jl Ja^L>JI (j-« 4JL-uj^>JI (J-*!!! Jjj-k 2JlC J^_j3 

,( I ^J^— uJI) Jai>JI CjL^c. : 4_i]Ll!l (JilJI JjLjij Juv? Jl ^jstUI ^ ^— qjg .Jnitl aJ&Lujjuj 4JL-ujj>JI 

4juIiI (jjfl (J-2-lJI *.I_1jI 4JL-uj^>JI <Ja.aa. (_ij>oj pi stxaaXI j ilSLjJI j^-u-uJ I ,( It) J^~~ » "^Q 4_lcj^Ij *_alj)jjl 

. ^_yi-Uj>J I (JLt^ijLiVI <— iLlLvIj ?-LjjJIj (j-u-^iToJ I 



-44- 






jjl.104 



4Q.U 2ui23 




j Jil] Dumperjjjji : 16<_^=xA!l 







. ^)L«j^Jlu*s -3-5 

*.U,Lj <JLjijJcJl! 4_ 1 _u_a}Ltl •»■ La i u *l <_Pj i-$-<- a ^LLaLLLvVI (j-a icj^jJta Jl>>1 4_JL-uj^>JI C-XJU3 (J^lS "-j-i-^o 



L*UI 



: L&jj-J cj-uaJI 4_Jl*£. ^_ ' " ' I j *' S3 2 Jlc (J I o *"i ( ill (jj=u«jj 

j_lc i La j i-LgaJ, I *.l^jju j| (j ••>£—* 1 u <LJLjjjj»<JI *-2Jl2 t^^p- O^sl Lc^-LiTu j"'^~ ' VI 4-»_L2jJI ( _ 3 _& : ■* se ilaJ I ( 1 

4JL-u^itl! ;JJ^~ '"' (j! t_iJ>iJj .( 1 /) J^~ ' "^1 ^- I o' i "-' Cu-uaJI (jl ^— i a J LgaJ (j^i»- 4-Jb^la il) La Lm.1 j-u-u I j-a 

Cj_iL=i lil) ^jjjv (Jl -^> A >l CjjJjv jl (ibLv 4_JL-uj^>JI CxjL=i lil) j_u-uIjJ,I .il J_cxljI <_jLZo~2 iiJ^p- 4_lLl<-iTu3 

.(lju>~ aJULlo ajLjijJkJI 

tiJJjij 4JL-uj^>JI C-j-Lta *_« Ljj>ojJlj *-2j_jj 4_jJL-uj^>JI 2j_iiJI pL2 Jl J Laaj <_j^jj1 j_ii : (JjijlaJI (-j^jj^I (Z 

. ^_yi-t-L>- (Jl Lg3-flj| fj^J (_£-jLaIil 

4_LoLoi 4_tisjLc. f->^>3 *-« ( 1 "J^~ ' "■ tl) 4_<_ujjJl« (J^J-a 4jjlj_> (jjj=a (JJi- "*■ '-^ "■ (j-C SjLlC J-*J : ^-Sij-ll ( J 
j_.l-4.i-u jjLselu X '"'I ajia (jyic <JL-uj^>JI C-xjU3 4-1-^J I 0^— ' ■ (J jLi.t>. (Jl Laa.flj| (Jjj^sjv ^^LallJ *_<^2 (JL3.Cu.ul j] 

. I Ji-p- tiLajJI ^jj^~ U (jy^>- («-<-u D\J * axLaJ I 
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^^s- 



*\ 




iLaL>J 1 <Jj^l (j-a t-xjLaall 4_2jj_a : 1 0(Ji 




<JLjij^cJl! ■* se tia a : 1 I \ji 



:'iL)L«>:!iU:-4-5 

.^-JL-clLJI JijJlv *-a 4-JL-ujl>JI i-iL^uLa-i 2jLjjj 4_jjIj»JI (JLiLclj-aJI 4-Jljl J-* 4.jLjij^>JI tiJLaJ 4_jLc-C £yi i_3JlJI 

. LgjjiLL) (j-a Jlj>JIj 4JL-uj^>JI 4_ajLiLa (j-u.gj>o Jl <-iLajJI ^J|j^ 
tiJLajJI (Jl a t" ( ill (JjiajLj . JljJl>JI j| i_i,.ia.-»JI (j_a ^j I _■ - ^ a (Jl a t" i nL Lj^Jy tiJLajJI ;jj^~ u (jT Q^~~ ' * 'J? 

: fljJl 4j}Ij Jl rf> i n <? m (^JJI ^j'<L=l-l1I 

jljyll jjJai, C-^><JJ -(19) J^ Mill 4- La= tiJj^taj jlj_ik (juifj (JLc (^>b»o <JLtl 4-iiiJjLtl oljlj^ll (1 

<_dJi (j^ aJ^LJI (j_a jH==il jlj_JI (Jl a*" i ill '- r ^>^ "^J -SH^ 2U Ji (J-*-^ ">^> <JL-^uj-i<-!l (Ji'l-i ^-C-j-^JJ ^AS - * 11 

. 4_) Ljj vJeJJ /_U-L>JI J ■ -^-i i VI I t i i m < 

XjuiiJIj <jijljlj_JI j-i$3 ^LlJLj r-jL>JI ,jj3 ejijiiJI (jyic <^jljlj»JI ,j-a pj-iJI I J-A c '.-iTu : <Lo-jL>JI <jiiljlj_JI (Z 

Z (jy^>~ 2 JljIjJI iljIjIjluiVI i— iLZlvI L^>Jj 4JL-ujl>JI #.L>ijl f-J-«J>- tlLaJ ajj 2 J-tUI (Jj^v jlj-tJI "-^J- 56 -^ • '-*- a 

.2 JufuJl ' ajjj 
J Sj " ,2 J - ia *' o 1 1 JaJifl 4_j_<_ulj 4j= ip. , u>« i l£j >3ta (JLa-CLi-ulja 2 jLiia.il, I J^ ■ ■■* jl V*JI O-lL) : V(JI J-iisL-La (j 

.(20) J"^— tSJI 2_ LaJ= t 2 JuIaJLt, I (33^ icjjisjil 4_jL-ujJ»Jlj l-JIjJLJI J I t^jljyll 
I j*^ -1 i "I i 'J <JL_ujl>JI 4_ajLiLa £- Jujj La_a ' ■ LaaJI 4_JLa-C (j^a (j-tlcLji jl 4-cLj< Juu j-(JI 2-iLcl ^j^~ i 1 ' La.=i 

.^jjLtxuJI JyJ^v *-a 
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\_<i 2 JuiaJLa : .ZU(Jj 




<JL^jJti! ( _ r l^b jlj-& : 19ji 



: ^JUj^lLata^J -5-5 

: /_L I -l^-— 1 4.jL-uv^>JI ' 'J^ ■"<" 4_iLui (J-i.ajLi.uJ (Jfl^= I ' 
■* j^— ijjI '^—■J" CjV! ji jJlSJI 3 La i uljj fijjljjl <JL-uj^>iJI 4-J'jLi <JLjij^>JI •»■ La i u Ajj-i-uj aIu ^1 
(jjo (j^iiiejJIj 4JL-ujj»JI •»■ La i ■■ ' ^j"'^""" 1 "' (_yj l£A3^ '-*- 4 4-JL"ij^>JI •»■ La i ■■ <_ijJl$j ajj 4JL-ujj»JI t_J-uaj Juu ^.Z 

.<_1JJ-C (_£? 

' ^j"'*""" 1 ,? (*- c -LJ •»■ La i ■■ (jyic (J j Lga^eU <_fJUo Jl»j 4JL-uj^>JI J* ia ,j^— I < ' yj 
.4JL-uj^>JI (_tj Jl^j ^_ 4_ajLJeTn.u.U Cjxz\ (j_a t^oLcj (jLre-tiajj \L2S) j (.Z 1 ) ^j^ £ —- 1 ifuJIj 








» 




-_tjjL^I<JI ill (J I o *"i ( nu 4JL-uj^>JI •»■ La i ■■ <_<jJl^j : ZZ(J.=j_iJIiJI 5JL-uj^>JI (_ijJl^jJ <Ul : ZIjJ^jljJIiJI 
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: (j-Lq.i.a£ Jl 4^>JL*J,I Jjj-la P ■! ' " *"' >J ^~* ^ 'J? -?-LU J^^-p Cr^ 1 *>*3* Lr° 'j-*-^ ' (*-*' (J-* 3 f^P' 

: jlj-aTu-uL *.U.I iaLisI 4jL^La (1 
.4_jji2l •»■ La i ■■ >l 0-)L=3 lil (J-g-'Cu.uJj : £.L1,Lj j-aJiJI 4jij^la ~~ 
(JLjjlLjiLj <JL_uj^>JI •»■ La i ■■ (jyic j-aTn.u.a J^-— ■ iuj *.LU £yi 4ji_i2j 4_ijla (J-*-^«J tiJL! ij : *-LU j^J-i 4_2jij_La ~~ 

.diLiiLiijJI jl <jijIj3Ll!I (j-a '~>l ^— ■ _■ "■ 

.(a^J-M <4r <— ''j-* 3 ^^J (_j!| LAO-* 3 ) J'J-°-*-'- u W j^.'"' (*-y *-*!u.p» (J-a-CujiJj : 4_U_«-t I 3 _■ La <~ 2 1 4_2j^la ~~ 

.?.LJlu y—i-iTo-t. I (J-ajJI jl <_jljHJI (JLcjlLjiI Jj^-— • ^ 'j 
: pULI (jl Jla2 *_iJL 4JL-uj^>JI •»■ La i ■■ <LtLaJtJ 4_2jij_La (Z 
. I g-LJ-U Juu 4JL-uj^>JI c-J->^aj Jsj_a=_a_! x_tisjj diLaJ J'^— ■ "■ (jyic ,_£jJLa JjjJ J-*J ' ^Lai!! J-^ (JJ-i - ^ _ 
^_ 2 51 >-><-j' (_>^l '^"' A ^* -Sa-<-ul l3JL3_3 <— ijj^ajl ^_ ^u-a-iaJ l 4_<_iu I ^j "^— • «' ^jiajjj JJJ19 (JLc-Ct-ul (j-i-orclu-ujia 

.*LlU1 
.2Jl2a1I Jl^— 1S1VI 4-tJaJtl! <Jj)j_t1j *.ljl!VI iLj-i-u L#J^/ VLjjlL-uI jh~=>\ (j^j : 4j<^— j", ,„\i +11 7-I^J^?l ~ 

.^LliTuj' ^_ 2jl >-><-j' (_>^aLuaIL<3 2s *.'j>au-u T-'aJla ' ^J ' ^- (_)" ° '"' '' *•*-£> I (J '■^~ l »' *.L«ia-u ?-' aJl jLaJLL-ul 

(_)Ii >3 /_c I x La ' a I JoLLa-a a I ^ a>"i a I 4-tiLa-La 2^ La £ys ^)J^~ '**'"' (J_il «-<-u /_4j : 4_jjLx<i T ii=jj' '"'' ' < ~*' ) V' _ 
<JL-uj^>JI •»■ La i ■■ (33^ *-LaU Jl2LJ j_lC ^.LiiiC. ;JJ^~ '"'J (JjLijiJI j^c_u J-ftJj .4_ljJl^j Juu <JL-uj^>JI •»■ La i ■■ (jyic 
jl 2jL>JI (J^LaLLaU (_pa-ijVl J <JjJ-a ^jjwlj ^'^1 a "■ '"'I i^~*j a Jljvjjj .<JL-uj^>JI (j^a ijjlajJI j-it-U (3^*^ 

.B^jLjJI (jJaLLal! Jijj-u^/L <GjJ_a 

(^JiLsJI ^jLJ^Llj^a-tJI Ci-La-i-uVl JLaJLL-ul JL>- I§_) 4_uL-ujJ»JI dsLiiil pt\«t ^Lf 7 ij>JL*II 2jILa ^jJlJj 

(J La-Cm I Jilc Lajj 14 Jl )«_fljj3j i . 1 1 .^\"itl x^j-uj Ci-La.i-uVI (JLsjlL-uI Jiic aLj! Aj^Lj Jl q ga a 3e Sj 

.2 j I i^>J' (_jia^ic_La <.~f («p »l 
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: jj)Ujj&iwi -7-5 

S 4j>.jLLaJI 4_JL-uj^>JI 1 1-> I V l ry a jj^ajjyl L<j- 1 

(J^jJI 4_Jlc£. *.1_<jI 4_JL-uj^>JI LJ (j^jjuj q] ,j^~ i i ' (jjj-!' (_j~3 LiiJLI j 4_JL-u^itl! 3 alUj&Xi (J-Sjil (Jj-* 3 j-^ 3 -^ - -^ 

S f-^J-U *2_ 4_JL-ujJ»JI c-i-LaJ 4 J.q.CLi.u.1 1 (Jj-LaJI jtuil La - J 

<jLjij^>JI <_fJLo 4_Jlc£. 4_Lg-&? 7-j_iil _ 4 

S 4_JL-uj^>JI t_-4-la "■" (Jjvlj-a jtuii La - 

S 4_JL-uj^>JI <L>JL*^a 4_jLc£. (j_a (_3JiJI La - / 
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A«JLJI t±?$l\ JJU104 jaiaxDI 



^ * - ; ""*"' <J5>~3 4_t<al^i-j (j La La II <_ijlaJI plj-il 4-2j-*-<5 



♦ j . . *».( 



: (jyic «UJI (jiL> 2jJlSJI <_jjJlL«Jl! ^jjj=lj 2 JjvjJI oJui 4_<_ulj_s (j^a ^.L^IuVI Jilc 

.4jVL«jlL-uIj (j \ a La II <_jjlaJI pl^JI <L2j_*^a • 

( _ y LaJaj| <_jj_La_!l ( _j^al^iw 4_2j_*_a • 

.«GVL«JlL-uIj (^L-uj^JI <_jjlaJI plj-il <L2j_*_a • 

.(^L-uj^JI <_jjlaJI ( _j^sl^i- 4_2j_*_« • 

.*J2jJ,l ^_ <_jjlaJI a^LlL-ul A-Loj^bjj 4jVL«jlL-uIj ^jL-uj^JIj ^ La La II <_jjIa_JI ( _ > ^aljS-j p'j- 1 ^ Cr^ 1 *— 3j-*^l 

.4_jJLcjlJI '"'I flj-j-LallLl (jLlcLji j ^Lbj-Laj (jLlcLji 

:dd£L4l JjL«$JI 

■<— iIjLllvVI JaaJ Lu-ullll <_ il julUj <_ iljjiVl • 

.4- i LcaII <_jjL*-i!lj <— iIjLllvVI (jj^e-Lo • 
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Bricks and Blocks dLUJIj u$ u ft - 6 

(JILcIuj .(^LJLI tljL^jvlj (Jji^ij ilajljjv (J^jl! (J-g-Cn-uj 4_u.<.a .sLsuI Cj\'i (_JIjJ2 (j^i 6jLj-C jji ( _ y LflJaJI <_jjIaJI 

. JjOj-J!j t>-LaJI '£- (— ijlaJI 4.c.l2ua 2_ aJU.Cli.u.U jl_jJL! 

: plihJIujhUftLAH dljll -1-6 

Jlj-i o^slj JuJu>JI Lj i -<^-iT jjjjo (_cjlj_ilu (jyic (_£jIL><jj AjjULI Lu-ajJ VI '"'I i=a-il_j i ■■ SjLlC jji (j-t-LaJI 
•»■ 1 1 , ^» 1 1 j J_jj>JI (j"*-La-M L^J-'^JJ **JL3 <>»» tl jlji.1 ^j a « j j <J1jLjjJLSJIj A^-u-olii, I Ju-i o^sjj ajj i uJI <: — i II 

: 4_i!Li!1 4_jjLAJi=JI Jll^Jll (_,!£. <_i^LaJI 4_cl_u^ 4_ JUjlL-u^U 
./ 25- 10: LL^y? - / 60-40: l^ jlj, ,, - 

.('/■ 4-0 ): ^ jmm UI J jm. ^I ~ (X 15- 1):j-l>J!- ( / 8 - 4) : JuJ^JI Ju^=t - 

: <jkk)lu$laJl4£Uutf-2-6 

: 4_jJLl!l (JjvIjJLL <_jjlaJI icLl^a j_cj 
: Clay preparation ^Lkll jiljil J-i^^j -1-2-6 

4_L*^><J I Jljjv (j-LlaJI i La I ~-j *u Lj-Lae La J 4_j_uIaJI dlLjjj^>JI d-p-aJ ajj 4_jJj2l aL>JI .ilji.1 jl <>»-n..1 Jlju 

j_jc. jilj-a iaLisLj jl til! JJ aj^UI ?U! iaLJsLj 4 >j I U 1 1 4_JjjJl!I iUI-^JI *.Lo? (j\ LaJI *.LLlcI t- 1-703 < LmJLa^La 

.4-C.Lu-isJI ?.LaI <_jjlaJI ^j" I -i^— • 'I (JjJlSHJ ((J^jjJI (JlLa 4JjJ 

: Moulding jrdaJI Jj^ r..~ -2-2-6 

: 4_jJqJI Jjj-LaJI (_£Juv| (JLcjlLjiLj (*J£9 

Jj^ iij *Cu9 ./ 10 (jyJI^" ajjIojJI 4_u_aJ (J^=l3 ki*j>- : Semi-dry process 4_aL>. < a <^'<\\ 4JLjlaJ1 - 

.(JLc 1 La » ' a ( JLa.'Cu.ul *-<j 4_ji=j_jjL<5jjjI dj L-Li=5 La 4 La i ul^gj 4 t j I U t I <jjlaJ| <J1iLj<LS-<3 ^ La «" I (_JljS ^_ (j^~LaJI 

./ 15 (j-It^*- 4j^lajJI 4_lxxlJ jj^^~ ti._p* : Plastic process ajjJlJI 4JLj_LaJ1 - 
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J J*""— ' '"'"' f*^JJ ■'■ ^vJ (jr^'fy 2 *- 4-Jaia>j' Uud (jai 



ii*x>. : The wire-cut process lilLoJI «Jai 4-2j>L= _ 
: Drying < ^A^-.tl 4_Jur. -3-2-6 

. 150 u)\ J"-" fij'j^v ^?*J J ^^ <*-£-L<-u 4o~ 24 ' dJ-a^ill ^_JLa£. ajJlJj .4_i^sL>JI (jlj^VI 2_ 

: Firing J)j^>JI 4-Jur. -4-2-6 

(°900 j °800 (>j Lj 3jIj^»JI 4j>-jj J - aj) (jj-ftJt Ja^j pUjjVL -itajjj <ua Bjlj^JI ^jj ^-jJ^jj 4J}L». 

:^kJ!u^kJ!^^l -3-6 

: Common red bricks ^jUJI j-*^Vl c_ijIaJI (1 

<_ijlaj|j Wire-CUt l£1L-uJ I » LaJ3 t—ijlaj Zj a i oil t—ij-iis ^J-^ (J-q-iTuj^ < £.1_Ll!I (JLcul 2— <_jjiaJI I JJb (J.q.Cn.uj 

: Perforated red bricks f>AJLl j-*»*Vl <_i^laJI (2 

2 
3 A h je ^ i"il , „l ^ ^ pj_,m j_<uv 2I <_ijiaJI Tmisjj (-^j) J^~ ' i"Jlj , (4-<-u/ aj*j= JJ (j^l (Jjjj 




tfi - 





4_iilrt<3 '"'I ^-—■1 1 - ' 9~j-^ )-«->- 1 < sals : ^i J(_j\; 



: Facing bricks dil^-JjJI ; j—^-^" t_J>^ (3 



j! j_«j>w^?I (Jlla >— IjikaJ, I (jjUl *.LLa£.V (jljJl <^| ■ al tiaj LJLp-lj .(jlaLijJL <_jjlaJI I jui ^ La «J ^?j ,Ajjj>JI 
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ij < iq±3 (Jl ^— i m] (_jiaju Tctiaaj (Z4) (J\=j_<jij l a , < m/(< "T"^""" 1 

2-4 -— - 



'** j - ^ o 4 - J - < 



24 








jL^vIjJJ (J^jLsJI <_jjlaJI jjjo icj^jJtA : (z4)(Ji 



: Claustra Ij^jl^tl j! ^jj^jjJI <_i_^IaJI (4 

4_jjvjL>JIj 4_iliJ Jl!I CjIj^=ijJJI (JLc£.2 (J-g-Cn-uj 4_cj_iILa jljJIj 4_jj-uJiiji (jl ^— i ■" I J f'J-^ H-'J-* 3 J-*J 

.(25) J^lA JI 2_ L^= .iitiJLI 

20 ^_— ZQ_ 




1^JJ^~ Ui ) II <_ijlaJI ^j-a 4 a D -»■ a (Jl ^— i "■ f : (Zj) (J 




: Hourdi (^-Sj>«> <~>j^ (5 

^Jij^JI t—ijlaJI TiLoisjj (^O) J^~ ' ifuJIj .(^LJll ' a 2 i ul ^_ 4_*^5L^j ,4X.j_ail (JliLLa^LjJI Jlu-JiJ ^_ (J^jlL-uJj 



<; A I" -»- ^ '"«' - "I * i ' 






4_ajQit<3 '"'I ml <Lqj (_£J>jj_ii ^J-* 3 i(2b) (Ji 
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(_£j !_>-»-- 1 <_i^kJI (6 
<J1jIj_uL1!Ij l_JI ^-."^Vlj 4_jJL*JI ijlj^sJI c-jLvj.. ^jI-Sj £&£ L-JL! jjj i_£jl_L!l (j-U^-M £)_a <_jjJaJI I jui ■» ' ■ aj 
j_lC '"'I <~ I ' i-aJlj C-xi-LaJlj JijJlj>JI icLL^a _|_ <L»JLLmX I (jlj-9 2 I (_/t-Lajj _|_ ( J-aAL.,ujj 3 a I" 3e 1 1 4_jj|_iAji=xJI 

.^■LvjJIj j_l>JIj C.ia.-,uVI icLu-a _^_j (_)-aL_-ajJlj tlLijJIj (jjjLrtjJI (_p-a AjJljJl>JI 

:^_J|u$i_Jlj_»l^-4-6 

: The shape J-=l_1]1 (1 

«U c_jJl>.j llilj ,Lu_ul_La VI JlIcI ^Jjujt-a 4_ul^>.j oLIjj ^)j^~ '"' (jlj ,(C LaH ; A J^~ ' "' '^ <— ij-LaJI d)J^~" '„' O' S- 4 ^ 

l--__jLa__La 4_jj____!l « La 2 a (JjJ=lj (j| (_-_>oj Lfri-a I j->J l_.Lt.i-_>! LiOjjvj c_uj-i_u z'\ (____a__t_. ,4-x3e-La i ■■ J) J S ■" 

'"'■ ** ""ti £j_a ^LJkJI A-tL-uJI <_jjJ__JI -J-.i_i.aj (J^flj VIj .^jj_l>JI J-flJt- 1 j (j a j ■ ^> -i 1 1 (j-o LjJI-i- (jij-.*-!! (J-al..... 

.BjljjJLI ^Ai=xJI (j_a / Z/J (jjt 3j_A____JI ___j_l*JIj 

: Water Absorption *U1 ^1 ..-Vial (2 

V! <_____. )( jj$-L> 'I- 30 <j-C 4___L_- 24 ijJL «-UL j_«J-JI J Lie-. I 4_ .Jl_-.1jJ1 - >jt-lt ^1 ,rViaVI jIJlILo JljJj V 
.(^_>L*Jl i_4J>- 21 < laJLajJ 4_______J__ (jjaJu /■ 2. I /_JLjC -liL-ala (jai^jjs- (_)_al --a-Lal i La i uali a JLjij— > 

: Compressive Strength , U:,MI __aj|JLa (3 

2 
cliUjia (j ii a->- 4_ajL_La i La i ujH a (_)___> Vj , ^ . ../^i ^•-""" l JU (_-_-£-• JaJL>-aJu BjuvljJI 4_)jJ__JI 4_ajL_La (_)___) z 

j 
.(_£-_L*JI j_a_>- ^1 ' . ' j La 1 1 4_____i!L_> < ■ u/ < y^~' ----^ (j-t LLaJL-al! 

: Efflorescence j-ukjJi.! (4 

' a ' ^J)13 d ^■l^T ' (*■* *-La_d 4j^_-_i_i Jl*_> <_jj___JI -- La i ■■ (_-_-£-• (<Ljj-->- LjJLc) 4_jjJ_*_a ?-^LaI jj gla jji j_uijJl!l 
j_uij-i-l ^jj-S-ia-) (jl (_(j>oj . lj->- (J-L-i-Ul jl (J-L-L-JI ji 1 La i ujj 1 1 jl ( &-L-L--JI j AjJuiil : 4_l!l1!I c_jL>-jJl!Lj j___fcJ__JI 

.< ) j La 1 1 (-1C yL&\-u\ jLlTl>-I f.\ >>-l JLjuc I ^J^^- 
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t Concrete bricks and blocks (^LuwVh^Lwj^ldlUJI^u^kJI -5-6 



,4jL«_ua^J j I ic.j_ila 4_jjLiijVI » U^tl ojui > JJ^- , "j .4_jjL-uj^>JI #.I_Ll!I Cj\ Jjvj («_&! ( _ 3 j_Lk-u VI <_jj_LaJI (_}• 



.(jljJ^>JI jl (_aJL u 21 (JLcH^ AjLJeTn-uJj ,4_LaLv j_lC ji 4_LaLs. 

: ^L-ujJkII cj^kJI £^l -1-5-6 

: 4_jJLl!l pl^j^?l J I 4JI <1 t" ( III Jjj-La <-_ r—t-r-xjrw- <_JJ_LaJI t ^ ^ ""■_' 

: Cu m ^ I y^kJKl 

Ju2j .(27) J^— .'r.tl £_ |_*~ = LtcLlLa «b <i=xA^ H-SJ-^j j? <JLsLc.lji ^f ^yic ^jlso V <_£ jjl <— IjIaJI jjij 

' a '" ^*JJ? -^ 2j (j-C- ^J*" 1 **.! * ' t^jLc-lj-aJI S-u-nJ (J-Sj ■* J -: ■ -^ 1 1 4_jjiaJI ^jLj 4_t=»jij_o2l '"'I a loIj 1 1 CuuaJ 

: Jl '"■ LaaJ I <_jjlaJI 

ja£ J^lj^JI £_ JUjlL-u^U Jlsuj (."io ir-ia t_j>t= >&j : Non-load bearing bricks J-«L»- j_t£ t^-i^la ~ 

.UaUJI 
.4.UL.JI iLijIj^JI 4. JL^-Cli-u^U Jlsuj (."iq i^ia <_ i^ia j-&j : Load bearing bricks J-aU* <_ i^l= _ 

: Hollow bricks f>iil <_ i^iaJI (2 

^jLi ■* ^— '^j ai] • " ' I a ' a I j 1 1 djuaJ Ju2j . LlcL-Li^o 4j ■* 1^— i "■ a <-;-ij-23 jl iljLcIji (jyic (_£^1L><j (_£ J-!l <_ijlaJI J-&J 

./ 50~ 40 ^j-C I g-i3 4_j£.l_Lt^sJI diLclj-aJI A-i-i-uJ Ju^3 ic.j_ail AjjlaJI 

: Concrete blocks ^L^jJkJI LdjiJI (3 

£_ La= (fj-ai' J^ C^A-uall) i^-SLstJI (— IjJaJl £>£. LaoLftj? Ju^JJ ^L_Lj cJlvj ^^ 2j_l±=xJI 4jjla]l jf (JJ^JLlJI 
^_ (J^jlLlxu ' a S 1 ul tiJjJbj ((J^sLsJI j_lCj (J-aLsJI 4_tcj_L>) J^jl^v ti-Jjlj Jl tiJjJLjJI <_a_u^aj^ .(Zo) J^— ■ ■" N 

■ A-3eJL.u.U 4_jJL-ujJ»JI (JliLLa^LJI 



>M m • " " 




/—iL-uvi- tllL : ^"J*"— ' '"''' /_jL<ji>^ '"■ L.a a < laJa : 27(_Ji 
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: Claustra Ijl^l^II (4 

4_i>.jL><Jlj 4_jii-l Jl!I <JljljJJ=LjjJI (JLcH^I (J-q-Cn-gJ 4_CJ_iIL<5 (jljJIj 4_j_<_uji_iji (Jl ^— i "■! J f'J-^ 6 t T l -i^ 3 J"*J 

: 4_l!Li!I jIjJLI ^ya (^L-u^iJI j| ( _ 7 XLa.t.uVI <_jjlaJI ;jj^~ •"_' 

: cJ^uVKl 

.Cj-Lk-uVI (j_a jj». I pjJ (_£J A I JlJcTu-uI Jj^-— • ^ 'J , Lol JlJcTu-uI j '^— I 2] (_^_SL«J I ^ JlJ^LjJJ-jJ I C<-L<a.t-uVI Jl*£J 

: r L^ll (2 

jj_LaJI ^-Llul ^_ (_y-g-Lj i=aJI aL^jjJI a I JlJcTli-uI Jj^-— ■ 1 ' I o~3 .4_LaJL>JI LiL-uLqj (jr^ 1 J-^P J^ J-^j-^' (—i-i-i-uj (jjJ-!' 

: ,LJtl (3 

(_*jljjiJI (j-a LjiLi- LajJaj 4_^JL*J,lj <_jj_LaJI icLu^aJ 4_jjL-uj^><JI 3 La L>i II ^_ (J.qjCh.u.1 I ^LU ;jj^"~ 'J (jl S-^?^ 

4-iIjJajl .iljJUj dsLj^lSJIj (_)1sL«jv ^lj AjrciIaJlj <J1jjjjJI (j-o LjJL>-j ,Cj\ Jujjii=xJlj ^jj LeaJtJI ^IjJllj 7-^La^lj 

(J.g.'Cu.u.l 1 *.U,I (J^=lj (jl c-cJelu-uJij .pylllll <_jj_LaJI «-}_£»■ <jjJ-C ajLxiaJI .slj-llj (_*jljjiiJI i>JJtj2j3 X (jy i=xJ 

: ^LMI jl^LI (4 

4_lLl<-iTuTl!I 4_dL«-*JI (j~*-'-"->'-> ^- ^JlJcTh-u-U jI lLLSjI < " l 1 5 La • a (JlLo 4_LiiL<s c_<-uiIj 4_2l_tia^a ^lj-a ,JL«jlL-uI Jj^-— • 1 1 

2— ^^'H jl (jj^Joi! LJ Lg-Cn-u I 4_JLs. ^_ 4*^1 ,%.t I ^lji.1 4_lcjjj 4 j <\^—* j3%3 VI (_<^>ijj .AjiLal!! ^j'-^^~^ jl 

4_=3j_iiJI (— lLa- j L»J 4_»jvIj-<5 (_ i^>«J I o' : — I .(^L^-Lll ^-.TlLU (jyic ljL*^3 'j- 1 ^^ 4-LaLi.a.U jl J I ' ^" II jl i-jLiToJI (J-oj 

: ^LjijJkJI <_jjlaJI icLo-a (Jjvlj_a -J-J-0 
^)J^~ '"' (J I (_(^><jj 1 La_iL>JI (jaijL>iJ (jL«jiaJ ^1 Jo^iiw ^_ ( _1 j La 1 1 4_jjLj<j^>JI <LLaL>J I diLJjJ=i-<3 daiio 

I§_ iIa-tL>JI ^-iJjjj (<u .(/^ 25~ 20 (j-c Jljjj V ^U! 4_i.,.aJ) (j .■ _. ^— 1 1 (_,.i. u l_Lo a'jS till J \j,] iaL>. 4 U I -L 1 1 

^jl *-— > a 2— <_jjlaJI x_»i3jj^ * « ' ^ 1 1 <_jjlaJ| £^0 (_JLSJI )Ljj_aj ajj LiJuijj .1^4^- T.J-i$ t_-<JL2JI tii-aju^j (_JLSJI 
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aLjI J £^t (_|23 V 3 jJL ?.LJLLj <_jj_La_JI t_ ijV-ij3j (_)-"J S- 1 -^ ' o-=3 .(JJ2 2I (jyic 4_cL-u Z4 2 jJL ' ^^-J^ ' ^j-a^lll 
<_jj_LaJ| t_ , , „"^— .^1 (JJ2 2I (jyic Lc^-i-i-ul 4_^JL*J,I 2 Jl^j (J^=xj (jl J ''""^ .(frl i 11 <\j Ls. l_Lua (^3^-!' ^- L^J-* 3 ) 

.4jjl_ii,lj (jre-iTaJlj (J^jJIj (jjijJtHJI 4_JLc£. (J-c^e-u ti^-tso <Cu^Lus 

: (^Ljij^JI <_jj_La_JI l _ys\^~>~ -4-J-0 
: /_& 4 aTLse 1 1 ' " ' I a ' a I j 1 1 1 ulua- /." i<x 11V1 < la-Lai! A ) a LLa 1 1 ^j^ 'I L^a^Jl a ( ~ 1 < J Laj 1 1 pjil (jl 

,_£jj>- 2I t—i^jjtJIj i—slj-Ls 2I j . ..^— .j ?-jij_iii]l (j^a LjJL>-j L^lLi-u (^Ljfj^JI <_jjla_JI jj^~ 'j jl V 1 -?^ 

. L»-tL-u L<-iJjj 4_L^3LaI ^_ <_jjla_JI f->^>3 Cr^ 1 J-^P ^ L?^' 

: ^L^LSllj jLuVl (2 
Ju2j .jIIajJJLLj ^ La «"j f-LajjVlj (jlajJtJIj (JjlaJLi p** 1 j" J-Li (J-^3 ' - ' I a • -^ I J A Lmia. 4_,aJCit<3 diL-ulJLa J^>-JJ 

.((«-a 4 i ^ilLa) .SJi^ta jli I a qj < _i j La 1 1 .sLsu^l ^_ dijLalu ( _ 1 1 a 1 a I j 1 1 ^--g-i-uJ 

: Ct a^l^JI (jj>Ii (3 

jjLj ' - ' I a < a I j 1 I (j^aJLJ JajTuraJ ti-^>- .4_jL-uj^>JI fi-i^>- 4-2jjlI 4_l<iAI li <_;,_) L-uj^>J I < . ) j La 1 1 (jr aAj»JI (jjj-M Jl*J 

Z. ^ I 1, / j_a ' _i j La 1 1 (jr cA-j»JI (jjjJI 7-jIjjj) 4_Li^a L>J I tfjui t_<.i.a>. pj_ai,lj '"■ -: Lsa 1 1 <_ijiaJI ( a I ■ aaj 

.( *u-u/ajv 

: iIjLc.Ij.aJI A-iiuJ (4 

4-Ln.a 4_u.uj (jC <JliLc.lj_iaJI tfjui JLj^-3 VI ( _ 1 I a 1 a I j 1 1 dajTuTaJ ii^>- ,Ltcl_a^a 4 1^—. ,", t 1 diLclj^aJI L$j Ji^aJLj^ 

.(/ jl j J / (j-t-J 7-jIjjj (JT Jij) <_JjlaJI 4_=jLt<ji (-.i-i-tLV 

: Drying shrinkage <Ju\ o^'<Vlj Water absorption ^Ul ^^al -^"ial (5 

, La i "j"' a JkJJ"^ 'J BjuvljJI 4 t j La 1 1 jjjJL l-Z\) (jyic *.Lci! ^jA-uiy^S ?.1_Ll!I (-JJ-La ^j^l LaalLal JtJJJ VI t—t^o 

.Z0,06 (_,!£. ( ^j A 7-"^,' (jiiU^iJVI jl jlL<5 
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: JaJL>IaJI 4_ajLiLa (O 

Jl>JI) (J^j V 4_LaL><JI (jIjJl^JI (JLcill ^- AjiielL-iiXtj i La » < '-^ 1 1 <_jj_LaJI <LajLiLa ^jLj <— iLLi^lj-ll JajTuTuJ 

2 
V 4_LaL>JI j-tC (jIjJl^JI 2— aJlst" i nil <_jjlaJI Lc-Lu . p ■ u/ < ^•^"* l /-) £)■£■ (iLaJLLeajl 4_ajLiLa i La i ujH I ^^.S 2I 

. p . ../p *?-^~"' jU (j-C 1 La » < ^- 1 1 «LLajLiLa (Jjjj 



t Jj^L^jj ^lUm! -6-6 

S (jy LaiaJI <_jjlaJI 4_cLu*a (_L>Jj-a La _ 1 

S «GVL«jlL-uIj fj I AUtl <_jjlaJ| f-lj-ii La _ .Z 

S ^ I a La II <_j^LaJI ( _ > ^aljiw La _ J 

S «GVL«jlL-uIj (^L-uj^JI <_jj_LaJI plj-il La _ 4 

S (^Luij^kJI <_jj_LaJI ( _ > ^al^iw La _ J 
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♦ A . . *».( 



. (jai-L>J la s-i-^-J I cHlLLi^ A^lTn-u 1 • 

(jy ic «GjjJLaj ,p jjj-iu.1 1 j f-^J-t' ' " ' I ; I tall a L-x-mJS. ^u-iaJI pj-ij j_l>JI pjj jLL><j ' ^J^ -1 <_jjJl1I,I (_3j_*j q] 

.4_dL«__ll <J_iL^J__L! ^jLlcL-u j lQ taJdl *.j_a_il ^l___.L__ 

:3_t_;L--,l Jj__y>II 

.)_L_Jti,L_ 4_u_>L__, (_)__> }_^S • 

.4_jJL«-*JLI <_jjL»__1Ij (— iIjLllvVI Jj-sJ-a • 

:3jlJL%}luUl-_l4 

. 4_jjLj_LkiJ I jL*_v 2I (J_^ __Jj 2I 2 JlvjJI JL. 4_L_ulj_i (3-i-u La 4_3j_s_/a 
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Lime and Gypsum j^uaJIjj ± y tl - 7 

jiJ 7-jljID ijljJV ^"^J-^ J^C- (a^-Li-uJL^3 <JljLj^J^=j) (JJj_L>JI J_SU><JI (jaljii=XJ jl (j)J^>- 4 -^" <1 - C ' (J-* 3 J- 1 ^" 3 L -'-y 

: ^jlui ^Luu^zxJi yjuii ... ,, „"» ^LJjj °1050 j °950 

CaC0 3 -» CaO + C0 2 

100 % 56 % 44 % 

t^ltljSl-1-7 

: Non-Hydraulic Lime ^Ij-Aj-l*. (1 

^£p_L>JI J_SU>JI (jaljii=Lj 4_JLa£. (j^S /?-J-«JJ ,s=- L-L 1 £yC I JlJJU i La ^'^ *. I^J I 2— C-xL jSJJj 1-jLiTuJ (_£ jJI J_L>JI J-&J 

: Hydraulic Lime ^Uj.^ (2 

(_j!l O (jyic (_£jIL><J (_£ JJI {C,yJJ>S\ j^a=-=»JI (JjljI^XJ 4_jJLc£. £yi 7?^h$ >*-H' Cj-><J C-aL sajJJ <-£.LiTuJ (_£ jJI j_L>JI J-&J 

.UrdaJi^X 10 
:^jrl£._jj Jl (jy-sUI jl ^l^pJI j-l>JI rtJuirTt (j^— i <|J Lc^3 

: Quick Lime Ct jvj^l^(1 

?J)~ ' " ^~* '' <— 'H^J-^ 3 ' L^J- 1 ^' J-*- 56 -^ (_>«L!=JI ciL^^* 1- " 4 -^-*- c - O-* 3 7?-^'-"' ."JJ ' " ^~* '* '.! ' ,, '~~~*~ { ' J-*J 

.°1050 j 950 jru rj!>2 2jij^ ^j-i -^ (q'j.'^i 

: Hydrate d Lime t ala^oj-o. (2 
LaLv (jjUl (jia-jjj £yx-iLJiA <jj-& (jj-l-c. •»■ _■ <<^^ <_dJ jj AJ^LII ^.IJLI iaLJsLj ojLaLsl *u i_£ JJI (jt j>JI j_l>JI j-*j 

.4J=L<_uLi2tl JHi=xJI (j-a LjJL>- 

: jcsJIAaUus -2-7 

•♦ ♦ 

: 4_»JLl!l (JjvIjJLL ^I^JI j-l>JI icl_L-a <uJ -r* j_cj 
.aL>JI ^IjJLI j >ij j j 1 1 .. ^— ."j j . . %. ^. 1 • 
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^yjlj -SjJaJ (o_U^uVl 4_cl_Lua '£- ZAajlLuA\ (jlj^VI 4-liTuj) (jljM ^r L£hF?^' J-*^' P"^^"" 1 "' * 

.(j^jj-^xJI Jljjjl^jI 

d , s*. I . ^«" /\ I 4_3e-pJ 4-»*alai- JlSjIj 2s /_Tl>. < lis sJI *•' *«J' (J- d la aa- x_a ay i uJI *■— - i II lu i g^jj J»£>-iJ • 

ajj i uJI ^— i II <J1jLJ^jj.^3 Jl 4Jj^»iJj (J^jjJ=xJI lu i -<^-iT (^Lj j f.ULI 
(J^reluJ (^^y^JI j_l>JI (jjj (j_a O.OZ ^l^v) 4_n.ul.La 3 j a ^— j 4_jJI *.I_U 4_2L__>L <___»<_ 1 j_i_»J I ^1 alal • 

^j i , ,,tl ■^— i 'I t i , ■■-—'') ) * ' ^ /J I 
jl___> j_i_G 4J (J-ujJ _£Jl!I I A La 1 \ j _>J I l^^LJkj JlL>JI (jyic A JJ ' ^ t U?^^W <___>_! I j__><_ I (jail, <— iLllvI (___>o_a. 



: 5_jJLlJI JjvIjJLL j-aT-3 ^yjUl j_l>JI 4__ __.._> 4_JL«__ La! 
.SuJLiia .ilj^J / 10 __t! O *-a ^£j_l>JI j_a=_>JI (Jj-^o * 

((_£j_(_>_l J^^JI <>a £->-_!!) AJ-J__JL___JI Ju___=? --"H! °1 150 __t| fijlj_>JI 4-^J-i J'^"' LoJlic • 

• J ; J t— iJIjjSJ! ^-. fiJl^JvjJLI) JljJl>JI j A^-iil ^Ij ^jJ___Jb___!l Ju__iL___>Ij 

UljIJ. 4____*_) l_c_a ^j i , ,,tl -^—i II CjLL-ooJla '"" *— — ■ jJL i ■■ J_ya ^j j -— ■ " < -— ■ ■ * > -—• < /-lc _j a i a -- 1 1 *ij_ • 

.*.m ___>_i ' - 1 1 ^s~ 1 1 

_L. x_a_><_ j<ij .*LI,L) ' j ■"■ j *___ '"'I - Ja J*"— i '"■ (-r-- U>^ ?7-*-^ t-^Si lt -1 ^ _vt>J' r ' alal 4, il or *u_ * 

.A-lLJ Jjj_*__c_a cr - * 1 -1? -__>_( I j _AjL_l_l ajj (_^->- aui 3 Jl*J a I j -— > ] 

}>*JluUld*u«!-3-7 

■_Jl3-_-_i- I a^=3 .Ja..sl 9_=-i_I ' jj^zLxi 2— cJJji==j« 2jL%->Jl a I < laiaJl l j r a Ja_sl a_>JI $.l_LJ ^ < j i — — ■ j . ->- 1 1 ( J_a_Cn.uj 

. JljJljsJI icLo-aj (jr JLajJI <_jjiaJI icLo-a 2_. 

t^JI^I^-4-7 

: (jy^^il ^-J-IA-U 4jjLjj_LiaJI (_)^3ljJ>JI (JlftTlJ 

.rfi-a 0,089 Jit-La ^yic / 10 £>£. JijJj V J rfUJ 0,21 1 Jitla ^yic Xj £^t Juj3 V : 4_a^*_Ltl (1 
19 ^lU*jlII j-tai 7=-J-»-ajJ t fllaXI j-LadJ 10 J Ct ^JI j_oti! 13 <j-C '"'I aj (^aJI _SJlC J2j V : Jjir iVitl 4_JbH (2 

.4_JbjLiijJ jL^>- 4_<j<LlSJ (J-ajLLmJj («_<5 1U (jyic -SJ-cHJI J^jj^ V : <— iLiiiJI ( J 
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: (9) JjJu>JI 4- 4 caitla (jy 42 j_^*i! 4_jjUaj^l!1 ^l^ai^l Lol 

j-oJJ ^L^=xJI ^1^1 : (9) <JjJi*JI 



trtUtljOflJI 


cH'^' 


(_>^s' 9->Ji 


7. 52<>ij23V 


/ 70 ^ J23 V 


CflO -s fl 1 i oJI <i — • " » ' • -^— '| 2 ( 1 ll'l 




M^j^V 


/5^,^-v 


Mo-O ^j .,„;M tl .i ..„<£-,? 2 , ,,.*, 


/ 5 ^ Jb>3 V 


/ 7 ^ ^J3 V 


1 .1 « ^jj V" 1 " - ' ' " " i " -l i «l" 2 i . .. « 


x 8 ^ j^j v 


/ lO^a^V 


AL 2 3 ^j^ilVlj Fe 2 3 juj^JI 




/7 C7 L,a d pV 


Jjj^JLj ■ >**■■*> tl 



t Gypsum jm^^JI -5-7 






: (jaij^>JI ic.|_L^3 -1-J-/ 
,2 j-ftTn-u-U 2jl a Jul i."i'<>( nVI (jl >£l (J^- 3 2)1 O (J* >*2l ^- 4-Ll3c-<-uj >4J i( _)^ij->JI (*L>- (jhStla a )_u-o^=xj <~u 

: (^"VL^i (J-u-iaJI (aL>- cr^ 1 ^^i'j 'j'j- > ^' J- 1 ^^ d>J^~ '„' 
: -ZUU j 1 jU <j-ij t-jIjjj BjIjjv 2j>-j_s I§_ Ljjj^v jjJLuJI f.La 4_!ljl £^c /*ljLl!I (jaij^>JI _ I 

130- 200 °C 
CaS0 4 ,2H 2 -» CaSO 4 ,0.5H 2 O + 1.5 H 2 

: ZUU Jjj-aJ 'j'-J - ** *^"J-^ '^r ^ -^* : ~~' Jj-^-P-i I *-L-° ^-"j! o^ 1 ?«3LLl1 (jaijj>JI _ <_i 
Up to 200 °C 
CaS0 4 ,2H 2 -> CaS0 4 + 2H 2 

: o-oj^JI ftaJI -2-5-7 
: Ljjjj>- jjJLuJI *.La 2J|j| ^_c w3|_l!I j.itoJ I _ ] 
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: (_)^ajj^aJLl (jaijjv (.Z 
. \juu3 U (jjUl (jia-uj (j^=x£J A oU (j-C ajj i nJI ^— I II dlLjJp-L^i 4_n.uj «Q2 J^J V 

: Jj^— i mijJI (J.U- LV (j 
. \juus Li (JjUl (jia-ul ;JJ^~ >jij A VU (j-C Ag-t i uJI ^-~ I II <J1jLjjj_l=3 4_iiuj 4_j£ (_|2j V 

: Ljl= » jj-LpJI *.La 4_Jlj| ^j.c /*3Li!l (jai-LsJI _ <_j 

: CllLuJjJ 2 I (J.U-LV ( 1 

.(J^-lc\-ui /Jl i-lLJoJ' (j-aj J '^" 

: i c-lLj i ■<**''! ^jjjjjv (.Z 

<JliLjjp_L^3 (j_a / 1 4_jJI ' si tiajj . 1UUU J_Lc (j-tL=3 1 JJ-J-! I 4-J-JI ■ flLjaJJ aL>JI (jaijj>JI (jaiji^xj (j^i ^Iuj 

.<JLiLcL-u 4 Jl 1 ,j^s t-jIjjj (_£Jl!I lLLSJI (j-aj-J plj-i-u^li -a^a-iil ^lj ao-u-uL^o-l!! 

: (J-u-iaJI <— i VLg.'Cu.ul -j-J- / 

JJ^~ '_' I 'I (JL«-C 2J ?.I_LjJI ^_ i-jLiaJ I 4_JUj_<_u 4_<jJvV i>_sL«.=3J (^IsLljJI ^_ (jai_L>JI (J-q-Cn-uJ 

: (j ".'T^' t_y3'_$^- ~t— J- / 

: (JT ji (J-u- ia jI (_^3ljS- Ajil 

: 4_ajjLi!l 4jvjji (1 

4_La ^ 2 jjj Vj .j«-a l ; .Zj <Gre-l2 (jjilJLa ( _ 3 -<-uLjJ3 (Jie_La (j-a (Jj^~ » duJ\ (J-ojjvj (j^a-u^aXlj (_£.sL*JI) (J-o-iaJI j-S-i 
j ^j^j'^1 1 j,a.L>J AZU j ^^LsJI ^.iLL^i! ^jjjJL aZD £yi jIl~=i~\ <-a U,l J «QrcIl2 (jjilJLa ( _ 3 -<-uLjJ2 (_)ie_La (jyic 

■ Jj^n.Vitl ^ X5 

: LjLfuJI (j-aj (.Z 

O Jl J (j-a i-jLiToJ I (j-aj fjlPdi ■'-^-tfujl ' ' "J** 1 A (j-u-trtiJ 4 *^°i S 13 (j-C i-jLiToJ I (j-aj (_r^ ^ ' l£-^' JL ^ L)". 1- ?^' 

.((__)^2LjJ-!l (JLcul ^- aJlscIu-uj V) i-jLiToJI *_jij_<-u jj.g.L'fc.iJ JJJL2.S 
ID (j-C i-lLJaj' (j-aj (J-^- 1 Va i-JLiToJ I ^>- La ) ^j^j <^aJ»l ^u-trte-U icLjji (j^l i-JLiToJ I ^j-aj (J-Sj V : ^j^j c^a 1 1 ^o-O- 

.i-jLiTujI i La i u aj a ^j^ .,^11 ( jqi_L3eJJ 4 ^ .a \ 
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4 ^j^ S 4U (j-c _j)u Vj 4 ^^ s 1 J (j^i —.Lull I (j-aj (J^J ^ : Jj^ -1 ""^ (j-u-cv 

: ?.L_»_VI <Lajl_La ( J 

J_U ^jLiTlvI J_L_ *__■/*_*_= 1U (j^l (_£.S__I (j__L>JI '£— --I ^'i\l t j . „<— -.11 (J-aL—a (_L"L V : (_£.}__! (j__L>JI 

.aLjI / jjij-A Juu ^ . ../^ ^-^— ^ _-U (j^i (Jjflj Vj *.Lll J! 4__L__I (j_<5 <L_L_ _,4 

. <-uj/ <jsr-^-—) j\) (j^i (Jjflj z aLjI / Juu . *__/*_a___ 1 J (j^i (Jjflj V <L_L_ .Z4- Juu : _)-^ — aJJ _>._ .t>. 

2 2 

. fS__i/Aja___ 4U (j^i (JjSj V (*LI I J_u . ^i . ../ py*-— < LD (j^i (J-2j V 3j_wlj icLji J_u : Jj^~ » ""^ _>.— .lv 

: Gypsum boards .o.l.->JI H$Jl -5-5-7 

' 31 i— — (jl Jj^-— ■ «a 'j ,4_Ln.a (_i.-i.u-u #.l__l!lj £.LU L^_j-It l—> I ——a (j___*JI aj-S^J <j-a L_u L_uT (j___*JI ?"'j-!I _>J^~" '**'"' 

: (J_-_*JI 7-\^l2 4_jjl_jl pljj^l J_w^JJ .■>! J__*U.uVI pJJ t_ (■!■—>. 4_!___3 _>_>lj_>. 4jL____V ,_£j_wl .ilj^J 4_jJI 

: Regular Gypsum Board (RGB) 4j_sL_1 q-q>-I Hj]f (1 

(jaiAjJ—Jj 4_j_.l___JI ____u^Uj j_fcl_w ___w. J__l____' (J-a._Li.uJJ ,4jj— — Jj •»■ La i ■■ 2] (_— — ^ C— — J T^J-H (_— A 

.(29) J_____i 4. L__= I( jiljJl j> ub^ 1 

: Fire Resistant Board (FRB) <jjj_-U iLajUll ,_>-^>-l ^Ijjf (2 

<____j3j ,_)— L— L — (Jl (_L— — i — ^ Si^j *>—*■ ' ij ^— — ^ 4_ajl_La (j^__— 11 _) "N ~?j f^— ^' ">__4J islj— va ?"'jJ^ _»— * 

.L$j _>_>l_w (j^-*-* 3 j*L__J 

: Water Resistant Board (WRB) ajj-vJIj *L_U ^ajLSlI _ui^>_l ^1 (3 

4_l_u_! _JJ_ ^> ^tF* 1 ^ *-La1! 4_aj__a ?_j___] ;jj^~ ljJ i — tl _jl_L__ij_a (j^s 2^La L#jif i 31 — aj <J-iLc 7"\^~\ ^— A 
<|_. (J-aJt 1— u3 <jj"J' ?"tj-J^-J 4-j-_ i— !L '/■ D 4-j-_ — J I oJJb CjJ)^~ '"' d)' Cr -1 OJ>" (j- ^ AU (jyic L^J- *-U' (_>—>! — a— al 

.4_j_vL_l!I *jjL_iJLIj 4_wLu.ii] I CjLaLaJw. (JILa 4_j]L_ 4jj_5jJ 4__>j__tl ( j_=jLa2l 

: (^Jj-^JIj 4jj_3jJ] 4_ajL_],l j.ill>JI ?"'j]^ (4 
._v_>Ij_kJI o j_fc L^L____V (j—^L^-u—Jlj ^^__xjJu_JI _jLl__i j-a £ys 2 ^La L^jJI ' 3l — aj Aj^Lc ?"'j]l _t-A 
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£_Ll^2]l *I_L> 2_ (jai^l £-!jJl JUjuLu.1 : 29j^ 



jatA&itl 



JLUkUiLddJ 




t jJ)Uj$^Uttl -6-7 

S <G V UjlLui I j j^>J I p-l_jJl L« _ 1 

S >JJ>Jl j_ys\^S>- La _ .Z 

5 4jVLa-Cu.ulj (j^ijjsJI f'^JI La _ J 
i (j-u-ptJI (^j^slai- La _ t- 

S L^jVI «n"i >n I j £-u-ox>Jl ^-IjJVl pl_jJt La - 5 
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Ai»tfl! 3Jb-y I JJU104 jaiaxDI 



.ujv ^jJLxuJI J^Ji^>- p'j-^ L-kJOita AjSjJla <_£UJl=jj ,4_jjJl*J,I jljJLI <— iIjLllvI Jjj-Laj (_)^ljS- <L2j_*_<a 



♦ j . . Kt 



.4_jJJl*I1 .sljll <— lLLl£. A^llml • 
.(— il rti^ljlL I glfljl LajQj 4_jJJl*1I Jlljll ^yic ^ J j I La 1 1 4_Jl«jlII <— iIjLiTlvVI *■!>>- 1 • 

.4_JUaJI cIjLujJlIJl! CjLcL-u 6 j (Jj Lail! *j-a=l! dsLcL-u 4 

:3d£L4l JjL«$JI 

:3jldAiluUUal4 

.4_jJJl«JLI jIjJLI (Jj^- 4_oLc ZjSjjla 
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: A«-l-M -1-8 

<Lul -— ' ajj Jj*^~ ' ~"'^j r ' ,'j ^^~* llj 2jlj_><JI (J-Li^ajjj 4_xJL«JI 4_ajLSJllj 4_tj)j.i,l 4--l_> l_>o 4_uJw_U ^IjJLI jLi.a_) 
j ';*-—* II Lg-Aj-tliJj ,<jjJojJIj 4_i_l_ie_U T-^La^lj diljLiJI j_uLj C__>_) ( J_=__'_l!l (Jl-a (Jl)LtjJL-u LJ (jl I -i^— ^ .aLsuJI 

.4_jJL*JI <sjlj_><JI diLvjJ j_uG c__><_ 
: La-* (j^-J-^Hj dft q ' " ^ Jl ajjJulLI ^IjJLI < • ■• S Dj 
Aj^j=Jlj ,Ni (J____j_l!Ij ,Mti j-u.<-LUj ,C (j^jjj=JI : <LjJLi!l j_»__>L__«JI (j_a-<i_ljj ,4_ii __i ifujpj juj_>_!l ♦ 

.tJI ... ,Ti (j Lull I j ,Cr 
.TtJ! ...Pb (j^LuajJIj ,Zn tilJjJIj ,Cu ^L__i!1j Al *j_uiVl : Jla a_>juj_>J1 ju__ <j-sl_*11 ♦ 

(^LjJLI ( J____'l_uii Jlu-ulS _j^"— ' a. ' ^-J^>- , Ju-u!ulll (j I Ju-a -L. VLcjlLjiI 4_jjJ__U jljJLI jl___>I (j_a JuJ_><JI Jlsuj 
pg-tL-ul! I JuJ_»- icLu-a Lt___tl ajj I a_--i .^iVj__JI jtlaLSJLIj •»■ Jl -ll--1| jjjo jj_i_tL>J I j 4_uJlIIj 4u^L____JI 

. (_ <-U Ij V I J J-Ui L-uJ, I ciiJjL__-J 4JLulJ^ti! 

: Steel Manufacturing _Ij_1:bJI 4_sUt_»-2-8 

: juj_>J1 »U -1-2-8 

2 J_*_La Ldlj (_£_>L_-.I J^~ i uu (j-uJJ ,-.-». Mj -i^— ■ (__)_3j2l ^ -LlL. _L. 2 J_>- 1 jll, I j <Ul_L__l!I ju_3l_L*JI (j-a JuJ_>_n Juu 

Hematite c-ujLajJI : 5_*JLlI1 <__>Lal_>J1 aj_jgi.uj juj_>J1 4__.Lu-? ^Ij-c^/j . jjjj__=_J1j _><-»• , „-^-,jSM -«j 

.Limonite 2Fe 2 3 .3H 2 e__ul_al!1j .Magnetite Fe 3 4 e^LuicLUj ,Fe 2 3 

: Cast Iron c-u^aJI Juj_v ^l_L-_> -2-2-8 
aIu j<u Blast Furnace JLc <jj__. <_r---^ 6-° Coke ^jj^^JI *__*___■ I *_a juj_>J1 2.}j_Wj juj_>J1 .__>. £u__.jj 

*.I^JI ^l___>| *Cb (jj-aJI (J-L-ul _Lj .(<ul^aj_ij_. jl ^iH^ jl a-_»»l)jl g «^»*tVI < JT lc 2 Jlc.L__II ^IjJLI ^I___>1 

(jj-aJI (J-L-uJ Jj a j j ---ill i__-l_-1| JuJjv (—-a— - u *Cu ,_Sjj^>iJI 4_jJLa£. JLs«_^ ((J^a-LaJI jl ^ »-uiaJI jLiJI) Jl^£jJlj 

ajjj ajj i uJI *^— 1 11 j CjJ)' i ~~ '^ ' *"'J ^^u-t V I JujjiL=3I (j-a ^)J^~ til I Slag liwiiiJI (_A3e-<-uJ I »~3 .(_iJljS 2— ' . ■ ■ ^>jj} 

■ (/_li->Jl <Tr ia' 'iVl ^-u^3 ^_ 4jLaJtl<-ul Jj *~— i o i) U.uiU oJuip-u 

<— i LiToll I 2— (J-aJU-mJ V tlL! jjj . JuiiJI ^_ ' ^J» '^ d ; ^~- 1 iLaJLtiaJI (_L4J>iJ <jj^U> ' . ■ LaJI JijJl>Jj .4ju2Jj_a i_.i_i.u-u 
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1 J Laal! 4_l<5jL2JL jJaJJI jj .lLjWIj lLjIj^jLLIj '"'I se-tlajj ^_ » La S ^— a (J-cClluj 4_L^xJ ,4_jjJl*J.Ij 4_^Lluj^>JI 

.Aj^JlIIIj ^j-> .^tl Jl of VI j (jlalj^.^U (_£jL>J,1j L-x-uLJVI I§_ (Ja.Cli.uj 

: jVjiJI jj L-JLaJI JjJl>JI ^lcLllo -3-2-8 
jljjaVI jl (>j*_lo^3jVI (jljjsl jl (BessemerJ^ta Jla ) ^jilo jljja? 2_ t-JLvaJI jjJl>JI r-Lul *uj 

( JT ic (_£jJJ>0 (_£ jjl i i\ (^\\ lAjJj>- (jyic (J j I *3 >J I fC(JJ .(jyjljj-^^aJI (jJijJjJL 3jlj_=»JI (^^L^J (_P-!I 4_jjLj^J=l!I 

.4jI_lUj 3jJL!l (_)^ajl uzs* 4Jj (J^jj.^xJI (j-a A L (jjo (Jjal 

: Shaping of Steel l_Jll^JI JjJl>JI Jj^xjij -4-2-8 

jl fi jjLjJI 4j2jjJ_aJLj jl (J-lJcluTlI I 4jjjjiVaj (jlj= *-lj-<-u L-lSCluJIj 4_^JL*J,I Jjj-k LxuA JljJloJI J'^— • luJ 

. 4 a I" '-kX I (^LAJVI aI JlJcILluVI (_pslj^.V JtJoLiLa (_JI (^jvjjjJJ) Lsl/j (jCLSjjiVaJLj 

j-LluIjJLIj (_i-ulj VI : 4 A I" ^- t, I 4_jjLlujVI (JLcjcVI 2— aJlscJ-luJ (_jJ-!I 4jJijJi_>JI 4_i£.l_LLiaJI <— iLaCLLU jtuii (J-«J 

l_jIjIj^cllcl=jVIj cjIjjjjJIj JLaljjJIj ljI^jVIj £-1jJVIj ajJijJl>JI ciLuLAIIj ll!}LluVIj ^jJLluI!! JijJl^j 

?cJI.(...^U-LuIj-l!I J ( Jr C.lj_lJI Jj-LaLLU.il) 



: uLaJlJbJ^ljal^.^ j^j&l2luij^uLj -3-8 

3jLlo£ ^_ p i -'>*ll 4J^Li- (jjo Jj^-— ■ «a i i~Ujj>- JljJl>JI 4-c1_Li^3 ^_ 3 -i ^t I jj^LlsJI (_yj (j^jj__=jjl j-L-aJLe Jl*j 
4_lluj jIjJJ JjJloJI 2— (j^y^=il\ <Llluj *_ajjj LaJ_L«J2 ( <u^a2!Lll 4_jJjL2 ^_ jjIj 4_l^xJj JijJloJI 4j^l_Laj 

<LujjJ (j a S S j juJl>JI jl Lo^aJl 4_cj_luj 4JLlo jI jjj (^LlILj .jLlu^iJVI jj>luJI Cementite c^jLc-j-loJI 

.(J^jjJ=JI 4_lluJj_lCu JijJlsJl! 4 j*^— i JJI ^— • jl I (_)^Ijj>JI j_l*j (1U) (JjJu>JI (j"Ljjj Jjjj I ' 4TllIjL3j 



i <1«^tl _.L>_.Vj%-U i _ 7 -LL'jJiJI _V.LClJlj .LluJI 2_a^[2_a i j y ic (jj'J*""-'*' 2i,„«ji"t" • 1 I )(Jj. 1-k.tl 


(X) (_y.j-L.jjj l jjLCjJl 


2 
( A-a/(j) JlluJI 4_ajLS-<3 


L)J 'J "^"^ '""' 


34 


360 


0.1 


28 


460 


0.2 


20 


650 


0.4 


14 


820 


0.6 


9 


960 


0.8 


6 


960 


1.0 


3 


850 


1.2 


2 


630 


1.4 
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: tuLuUI JJJ^- -4-8 
: ?rjl(M"tl JyJ^ pl$J? -1-4-8 

: 4_jJLi!l pljJ^I Jl A-jJjj.t-i.uJ I ' " ' I fl ' a I J 1 I t_<.i.a>. 4jL-uj^>JI ?e-lL-uJ ^_ 3^ajL3eIu-uJll t_J LsaJI 7-Ljj-uI ' a 1 1 ^>" 

: (jy Jb La ^J\ f«u-a2jjj £^i.LuJI (jyic 4_LAjj_a <LajL2i,l (_£JiLc c-J-t^a 7-Lu.uI ^1 
Jl*j *-'j*JI ^- oJlj^-U f«_i <J1jI?.jIu ^jjJljj » La S 1 1 j-jJlL-ujQ t_iLua) > L-uLa 4_ajLSJLI (_£-SLc i_JLt*a t-Ll<j<I 

.((jji*L-u-l! (jyic 4HlaJ S 
JiLftjIj (J I ^— i "■' J 4jUjjj Cxl^j "■ « U>St I j^jCLmja t_JL^>) CjI^jjj CjI i 4_ajLA_l,l (_£-SLc L-xlt^a t-Ll<j<I 

.(^.l^aJI ^- -Sj-J (*J jji-LuJ! (jyic 4_LaJjJI ^Luj fi^Jt^ta 

: (JT Jb La J| ^ i " S Dj 4_ajLA_l,l (jyJLc t_JLig> 7-Ll<jiI ^.Z 
.<J1>Ujjj till i (jS-LmJI (jyic 4_LAJJl^j 4_ajLaJLI (jyJLc L-xlt^a 7-Lu.ul 
I j"< « A t s Jlju *.IjJI I§_ LaJlj^-u *u t_J LaJI £ys t-Luji?) JijLJI cr^ 1 ^><JL*^j i-ojLail (jyJLc i_J-t^a 7-Ljjji? 



: ^L^m^JI c-^apIKl 



(J a J->Jl ^_ Tc-tis a_a aji I -1*-— ' 4_u^ajl ^_ jj A ... A T I a Cjjvj^xji a (j aj >^=jji >j*al_L*j AjiajJJ 4_i_i.u-(jl Jk£>-^ ^s 1 t_ i^»o 

• (ID 
((j_u (J A t_<.i.a>.) 7-Ljjji ^l pJJ Lxuia. 4_jjLiaj^xJI j_i^3l_L*JI (_p3JtJ 4_n.u_Ll ^ ,^<WI J_>JI : 1 IJjJl^JI 



r/'J l^« *j ...tl ! , . ,.;tt ,^Vl 1 — 1 1 


T-LjjJl^fl pJJ 


j_ai^o2 


c ^* i = 


OMJ^= 


0.05 


0.05 


0.30 


^■U ,„ll u 2; At . itl 2 «jl Atl (j \l .11 < .l.^tl 4-1 . ,,.? 


0.05 


0.05 


0.33 


^Aj , „tl t^ 2 ;At it 1 2 «jl At 1 tl.tl ! ,l,^tl 4-1 ...,f 


0.05 


0.05 


0.25 


j»jLJI ^lc i*JUll i^jlill ^LJI < ,l,„t1 ^-Ll^i 



: 4j^— jM^— jt I ^^IjiJI (2 

: ( 1.Z) (C^J (JjJl^JI ^_ %_tisj-a jji I -: <: ~ i 7-Ljjji^U ^ ^-— ljjI ^-— • jJ I (_)^Ijj>iJI (J^=lj jj] 4^0 
jLiTlvI" Ct JUaJI *-j^>JI 4-i 5~ 8 4_JljJLI aj AAtl ^_ 12 JjJl^JI 'A. 1±j\j1\ '~«l—tU,^tl ^-j_<i jiaJt) 

.(JijJlsJl! J-iiJI A-ajLA^a 
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(<j-° <3 j* t-x-"-^) *-N U", ,„Vlj jlA!I 4_ajLLoj frj.^-^-tl jiL^V LjjJI jjJl^JI : 12<Jjj^>J1 



-}jLl!I ^^JLc 4^>JL*_a 


(ji-LtuJI (jyic 4_LaJj-a t_JLi£> t-Ll<-uI 


4_LuaL>JI 


4_3jL2i1 (jyil-C 


4_ajLSil i_$jLc 


460 


460 


250 


2 


506 


506 


275 


2 


12 


12 


22 


(♦) ^Hl «JltVm,}U^bV! Jl^JI 






^IjljjVljjLL^lO 



: (13)JjJL*JL 



((JJJ (J A (-.i-l-tLv) Tg-tL-uIlJI JyJ^>- 7-l_L<Jl 2 4_Lq.i.uV I (jljj 2 I J xiaLSJLI dj Lv Llxl^S J Jl t"»<W 1 : 1 JjJjJt^JI 



>- laJaJI >1LcU 


( f«U-u) 


(jr <a.i-uVI jJa-flJI 




( fU-u) 


(jr <a.i-uVI j-La^J 1 


2.98 


3.80 


22 


0.222 


0.283 


6 


3.85 


4.91 


25 


0.395 


0.503 


8 


4.83 


6.16 


28 


0.617 


0.785 


10 


6.31 


8.04 


32 


0.888 


1.13 


12 


7.99 


10.2 


36 


1.21 


1.54 


14 


9.87 


12.6 


40 


1.58 


2.01 


16 


12.5 


15.9 


45 


2.00 


2.54 


18 


15.4 


19.6 


50 


2.47 


3.14 


20 



.tt—u-uJI *_La_2i, 4 jl» All 4j>.L.u.U I j'-N-l i -< a i^^Lujj (_jjJI 2jjI jJI j.laS : (jr <a.i-uVI jJa-flJI 
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j a -_k -ll 



a I J_i— Tu-uLj tl-Li-uJ I _yj 4_Ll_1 _Jl__<j (Jj- -5 (Jjj (j-* 5 *j_) ' " "^ ' 4 - > * L__t, I <___* : 7r._Li.uJ I * La 2 1 4_djL__l 4_vL__ll 

■ 4jfli nVI <_)___=_!! 

■tl-u-uII __J^i_JI j__Jl! __<-_; VI _)j>!' <— il__->J p ,,,/p-.-^, U.UU 7o5 S »^--l -^*_P : 4-L-mVI a_iL____JI 

.4_lL*__i » La a 1 1 4_>-l___aa 4 j<n nVI 4_3L___j_I a I J— a-" i nu L)fl_-u__a tc_l__|I _ys /-Jala >^~a (JJL3 * (_> <*' "VI <liJ_F 



(1-8) 



(2-8) 



: JU_JVIi.L^VI^*^!iWI -5-8 

: 4_J__I 4-t.t_>Lpl __L_^_*_I (___->. (JLs-uVlj .L^jvVI t_-i.»i.-o 

((^J^jj) 4_a__l _-!-! __Jl__U (JjJ_»JI 



(<US / (j 



( f«_a) 4_Ll-!I * L__La 4_vl___a 



= 8 _L^VI 



(*uj) 4 II Laj i uVI 



(*_<j) 4_UaJ_ __L__ VI J^l-JI 



SjL___VI 



■4_Ll-II __L_ __Jl__U _U_>_I p-L-ujI £-« 4_Ll-!I J^i_ _L S-LjjJI _--> 4 ?l La-x-Vlj 



4_l!l1!I JL_____Vl j__t_ _)_L_II __^J__, <jl_ ju__l jLr_-l jtic 



(30 J_____JI) ,(lSj---I t__L__JI) <Jul_il _,___*!! .? 



^jiaJI C-Lu-il JL-i-Vlj -L^VI jr^ 4_5>UJI : 30 Ji 
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(jt Tlv 3 11 Laj i - x I x_a ^L^jvVI c i ( "L-'^g fC J Sj "'" J^"~ ' "■ (_ y lstltl JLi-Lj I 4_LaJii!l yla. j_i^aJI (j^a U 

.(jjut-ci! 4_j_jjJL1 Juv <> S La La (jJ _«_i_aJ (_jJ-3l I 4_LaJii!l 
( _ ? -a— <-uJj jL^jn-VI ^_ B^LjjJI (JjLJt-a (j_-<5 pj_<-ul 3 II LaH i ■■* I ^_ B^LjjJI (Jj_*_a (jj ^~*„' v 1 C^! ' <J~ ° ^ 
£ j_&j c-j ,^-Ltl i j«v. ^^mj |_J jJal—iil J_^>JI (jl I <\^—* c-j . >»V (J_«jv <_i 4_taJLLJL! jJal_LU (J_a->JI 

. 4jJl! j-ll<3 A-fliaJLl I 
(j^a Jij}-^ <— il J^vV j_l^3? VLaJvI j-a^l (_J Lalbj £ ( _ 3 _iii]l (_>^JtJ £j Jutil 4_ajLiLa -Sl-ij3 (<-;-!) 4_LaJii!l Jilc U 
■» La-S-Ll 4jvI_<ji^j ^_ (j^aJLLj 3 jj se i aa a ^jj ^— ■" 4_Li*JI ^_ 3 11 LaH i ■■* I tjL-2 (?r) 3 La.fl.lll (jt Tlvj 2 II U" , ..Vl 

.4_Ll*JI (Jjla cr^ 1 jL-^-aj (Q Laj ' a J^~ i -"^ 
(77) 4_LaJii!l (j^JJ .(JJulaU 4_jJ2jJI ;jj^"— '"' Jajv^Lj^ ^ j ■ a 2 1 I 4_ajLSJlu (77) ■* La-SJcJ 1 j Lai III Jl^jv ^a-iuJ U 
j 1 ■■*■— 1 II *u_j (jt Tl>. A II Laj 1 ■■* I CjjJuv *_a 4_l2jJI J_Lc ■» LaJLL I ^_ (_^aJiill .sl.SJ_j^ (J^-><JI (Jjflj (.s) (jy^>- 

.(j) Slaiill Jilc 

: (31 j^lA jd x^jiai ^i*. yd^aJ i )ujai« l^ ^uxi . 




♦^ e 



(J_a^>iJI ^jj ^~*„'J? , fc J ' ^ ~" ^ Sia-La j giaj X I—LAj ,(_i-i.ul_uJI Jlv (jy^>- (Jaj>JI *_a 4_j_<_uLiILa 2 II U" , ..VI ^jj^— ■" 
i L»»j_La>j JJ2? (j^=iJ 4-jJ3jJI (j? I a^a .Jja? 4 II LaH 1 uVI jj'^— • " La-Lu 4_JlL=lX1 (jjUil 2_ 4_La j-^=>\ (j, l^VI 
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: (32 j^n aji) ,(>&>Ji ^^ ) ^V 1 u-^ 1 -2 




^\II (j^U-JJ Jb^Vlj .sl^Vl <jrU aSMaJI : 32 J ^.t. tl 



(j^l_«JLLj 4_JjlJLa ''J'-*- 3j-l<_i^3 (j j ^— u 2 ll Laj i ■■* I (j I I n^-" 1 2 ll Laj i u iftj (J_*j>JI £)^-J <—■> i r< 1 13 (_£? Jljvjj V 



: ^JJUUlulfLutflJbJb- -6-8 

4-u.uJ (_£i pJJ (j^J dlLialU J^JlV (J-«-*J ^Ti JV >A_uJUlLI (^LlII (Jj=jLj-fi J-U-iaJ ^_ (jjjL-u 2I JljJlj>JI I JJb Jl*j 

^_ ■» *' ' aaj 1 £J <ii 11 (_>^lj .rlOt KOllGQ ' kill x_a t j , ^ e -'- IJ - L ^ ' '* L ^±jb-> d *j'' " J> " t*-yj U^J-^ 31 ^ (J- 4 4 La 1 ujj a 

f-«^*-3 f-Lka£ (jyic J j Laajel! L*_a f-LLa^ £ys j"^-it JajjJ Cj^?L>JI (_paJU '^r3 •(*- a 3 J-* J^J^^-JI \l\Jt CjLcLLa£ 

: iliLiaiU J^J^jv 2_ JL3.C0.uVI i*jLiu]l '"'I e.1 LaJLlI *uilj .^yJLJll (J^aLiA Jlo-iTuJ 2_ j-i=j? 2jJ2 tTjIIi 

,C-shape channel ^j^ii j ,I-Beam Sjo^ti j.Bars £L^Vi j.Tubes j^J^ii 
.Plate ^ui 3 Zee jjs\ j,T ^ijAngle or L-shape JjjIjJI j 






C~ T _ I <-ul *<*'| pi c I Lai (_paJU ' 33 (Ji 
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Ai»tfl! 3Jb-y I JJU104 jr___JI 

<UJJ_tl .1$.! Jl^iluljLu^l^jfll^- A*j Jbt 4x_j 




t fijdhUVl -7-8 

: ,-,j__,lVI 4__Lj-> -1-7-8 

^ LkJi jI^uj jj,„r aJuh *ij^| oi juJi 4- (Mf 3 -Bauxite <-,<<, „<^,jj\ ^1*. <>a ^UVl ^-vi , ,,j 

x__>jj ftu .a^-u.1 VI (j-a j_i____ j_i__jj_ Cr -1 L^J-^* 1 - 1 Lr - ^ Lj_ajJV ' » JLa <_-— c (J j <— — i— 11 I Sj__JLj I g— >-ll * a J 

j$L>-ti j* 1 ^ ^Lj^j jLj j^^j j«u .jfl.^itl Cryolite o-^r^Jl 4. c_>l j_j jj-JI 4. LiajJVl 

4_jjJl*J.I j__>L_JI (_yaJU 4_L_>I i)'~~ ' 4 3 .(JA_*____>jVlj aj.— IVI Jl LjJjJL^L! J <^> All 4_JLa— . _jJ_*__ 
(_)_>Ij_><JIj ■* j--— 1 jj! -—- 1 jl I _j_JI (j-u_i_%— <_-— — (Jj____U ;jj^~ ljJ 1 "II j I A^-u-oli-ll jl ( j_'I__l!I j I j..— , — Li L__i 

.aj^HSU ^Vl 

-SjL-!l j? (ji-LxJI <____ IvOlling (_i.a-u.JI i_jjj_j L^L____u a!u i( J__=xJIj aj__.IV I _J_L__. j_<___>_ Jl»jj 

.ajjUjl^ J____.Ij £_>L_a £__V Extrusion J_JI <_j_>Ie j! tjL_-_-.lj ^-ly Vlj ^_L___I j:L_V 

: ajjjIVI — jVLa.-i.i-l -2-7-8 
: _jLL_— VI 2— L^al J_— li-uIj aj-i— IVI S __ _JL 4____JLI _j_a__il j«_.I (j^3 
-f_ l_U. 4_jjL_JVI JL_cVI 4_ LaljLS— u-lj LvLul j-_=.VI ajj-IVI *__>LLa Jlsu : ajj-IVI *__>LLa ♦ 
. 4 a I" AeJL I J____uVI _jl i *__> Lsil (j_a 4___x_U _j|_g_>-ljjlj <_ jIjjVIj Jl_Ij_!I ■» j ' ' —3 *—b <— -^p- )( __)LiJLI 

.(j-vlj-LI <U— — C. ]j _j|_£_vljjl 4 j, ____jj -> La 1 "VI (JLc—.? 4- aJlj— — — J : 7— )l — — — llj 7-ljJVI ♦ 

.2_jjLj^___i| _JM__Vlj _j>L___JI i_|_L__!j *l__JVl (j_>lj_.V J_____ : aj^VI _J}L_i ♦ 
.Lt^_i£j _jLv^11!I <_._.!_> 4-j <laj_J| JL_c?j 3-ls_ _ _ tl <JL__.VI 4- aj__ _ _j : A_$j_tVl (_>_uLf ♦ 

.4_P j_II j__— -II ♦ 

. I_fcj_i_.j (_)i-.L(ilj ( __-ljaJlj j-ijal — d— =3 A-uL_— )Vl (JL_cVI 4- aJlj— — — jj L^cIjJLj _jIj_)j_»JI ♦ 

: ajjllVI (j—sljS- -3-7-8 

: (_)_)Ij_>iJI ^>J__ {«_.! (j-oj .4_jJL_ 4 j I— J (j— i-il >— — >- (j-a LJ U, 4 a g a 4_t_Lt_— I fi_)La aj.u.tVI 2_)l_a Juu 

. JljJ_»JI «_a 4Jj|_La ?Jl__U BjLlaJLIj 4_jJL_l 4_ajL_il ♦ 

4 La_t 1 qj _jLl!— i—j 4JU____u _j___4J ^-J^>- SiJ— ^ ^j^- ▼ 

Aj_— ,t^L! —a— — — 1 1 4_ ajLLa ^-Lu tiU-jjv JljJl>JI )«_a <_tjl_La ^lTlJIj lL — - — — 11 4_aj_sJLI 4_Lia 2_)l_a ♦ 

. 2 ^/ul00- 70jjj_^4. 

2 
. f_a/(j 1DD (jjt Jl— — I Ajjjj-ajJVI 4__3_j___i 4_ajl_La (_)__) V ♦ 

.(aL—u >__.) <Lls_i_> 5I >__> I AajjJLVL Jjvaj V ▼ 
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r j ,%.1lj 2jlj^>JI (j-<3 < J' £ ~~ ' 1 <LjJLl (J "' ^~* * >' 4-L'^3 L>- tlL!jL=3 <-f.Lh.qj ▼ 



j 4j)L£j2UJ -8-8 

S c_J->^aJI JijJusJI 4-C.Lu*a (JjvIj^j La _ 1 

S 9g_jL.uTt] I JyJ^>- pli- 1 ^ La _ L 

4- aj^jil <AJjVl JjvIjJLI jL>oLj rj-^lj L$J-^-" c-Jjual] Jl iLflJVIj jL^vVl jrlj AJa^LaJI ^W \ a f^wj\ ~ 3 
CjJIj=j j , „^-. II (JT 1>. *s_a D\J LJjIaj *s_a 1 l,Zo / L&jJ^Ja (_JU^aJI ^jjo 4-Ltc (jyic J-iiuJI jLll-^I (_£jj>J _ 4 
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(p *~) 2\\ L",„VI 



2 

( ftUJ/^J fiJUV^j) Jufall ^J ,^»^1I 4_<3jLflJLI (_f.l.<:Lvl~ 

2 

( <-A/ (J ljj>-Jj) f J) ( s> ->J I -il-£>-| (_ < -i. t L v l~ 

2 
( {«-a/(j BJl^^j) <Jj)jJLI (_LaL*^i t _ t _i. ar >>l~ 

2 II U", , „\i 1 AjjH.1 4_ujii!1 t_<-i-ajw|- 

S 4j^fLaJLL-u I j a^.u.1 2 I (_)^l^iw (tuil La 
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A*«UJI tJj-jl I JJU104 jaiaxm 






.Ji_i_uiijJI (jlJa^J 

:uJ)dIU £2*21(22*11 
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t Types of Wood lu£*1 I fcl^jj -1-9 

iLLJl (_(-iTuaj 4_j_liTu->J l <— i LiTu-Ll I Jij_uIij jj^jJu J.c.Cllu.U (_f.Luj»Jl /— c.Lujg .jLtclu 21 ^j-a < iLluj>> j I y ■vjcTli-uj 

.(Timber) 
jL*_<iVl <>jukg .(Pine) ^AII Jla Coniferous Trees ^jjjal^aJI jLa=_<iVL=3 : <LLlU! c->LAa>Vl jL*^il -1 

(3-u-ifLiJI CjljLiToJI Jj-a) 4J2L>J1 ajLti!! JLac? 2_ f^ili i JLA jA.CLi.ujg .(Softwood) 4_Lt! <_iLiraJ»>? dil i 

>J^-. ?"_g-L"J' ! JLsJlL-uVI 4_»jLluJI <_jl_Lui- 2] OJlA 4_JlL<sI (J-OJ .4_L!J)jJL ij-LiJ ^j^^H 4_LOjLiL<SJ 4-Ll<-luJ 4 1j /j , „ 1 

.(White, Yellow and Red Pine) j^Vlj j-L^Vlj 
j_l^3? I^",'^|-,^-, jj^—~j , (Hardwood) a-lLu» <_jLAi4 l_jI J jL*_.i^1 *>jufcg : 2 M.^tl <_jLiaj»»VI jL*_<if -<_j 

^_ J.c-Clluj <_dJ Jl! .4_iiJQieJ,l L^jL2jj_»jj L^jsLjJT JLajso JLLaJ Lgjf ' a^=3 J-l<-luTl!I 4_l*j^3 4_lLls3J I <_jLiiii* 2 1 j_ll»jj 

ojjt <JLl<5| o-^g •<— iLW «jl^><J tiL!JL^3j aJ^LloJIj <_ iLuJjj^Ij LiLuL-tSJIj <_jl_gj^?l icLi^a JiLa 3 "j~°< ill ajLtill 
l -lA ^j ,(Teak) ciLUI v .^ j,(Beech) jlJJI V ,V * j,(Oak) j^l v ,^ : JUCl^VI JL*5L5JI c-jLiiVl 

...(Walnut) j^>JI ^^^ 3 ,(Ash) lLoJlJI 

: Seasoning umiei I iau*J -2-9 

.(Brittle) j ...^— 11 4j*jj_<jij 4_jiAj 4_a.j<lj Lgl*j>o (-jLAj^VI I§_ ^Utj Zjl <*»\\ ^ LjLxj ^j-^lv.tl j^/ -^i^ 3 

' JJ LaAJlj <— 1 1 j-luajj 1 4_$J>-L^a J^^g «LL=j_lu j-liaj _g ^.l^allJVI Jjla (_i,-luAJI Jj«J>o < ^jA->-"1l 2Jj1j2j 

JlSj2J V (jyJ^- 4_uji1_L<5J ^J-*-* 3 ^J-^J ^-LLU-U (Kiln Drying) (Jr C.Lo^3 (JJJ2 i^ <— >-LU->JI cJlJjI^J 4_LC-&^?I (J-«J2 

(—i-luLlII LJ2Li2j>JI ^jl I a~J .LLajJta LliTuA. 4JL>JI oJJb 2— (-.lluAJI (J7 -c-lujj 4JjJLluj *.1_<jI tiJJj Jl»j .4Jjj 
2_g£ (jr L«a£l 4jI La£.l (_<jL>«j Jj^~ » lujJIj J-l<-luTlU 4 1j g , „j Jjla) lj_c£.J J '^'^^ 4_ajLS-a 4J ^ La «j <_...i'u--g_U 

.Ja^J 

4_jLuaJI (— iLlo.-^VI 2_ La? ./22 j 15 (>j L$j3 4j^i3jJ| 4_»a=3 cJLu»j IjI (Dry) 4j2L>. 4_lJl!I <_i Lluj»> V I j-p-Cg 

./lZ) J y (j\J Wi^ SLJ^P' 4 j^^^ cJlu3J IjI 4j3l>- j_llCl3 
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: Natural Defects of Wood uUi-iU^utulaJlutaJI -3-9 

.Aj^Lc j_lC j^j i—Sjij-Li <Las_pj LifuJj (_£jj>.1 t—i^LCj ,<— iLiTar^ 2 1 ^-kaJLa ^_ J^>-j3 A-lslajIs t—i^tc c^Jl_L& 

: Fibers Warp ^aLlVl ^ ( 1 

o^Jj i_3I_jj 2 I (Jjl^»iJ 3il_ii a^j i_3j ivJo 4-3e-pj a I ) '.'^~ l ,J "1 SH ) 4_jJre_Lo jLrciIu 2 I l j^ > * ' «-ci <L3e_pj ;JJ^"~ '"' Q 

jlj-a oL><jl ^_ I j«^k»S" ajj <_jLiii- 2 I ^j 2 lj_kuj .ij-atjIaJI jjja^s *-a AjLLaLSILa j| 4_jjj)^Jl». jj 4j*-j_aIL<5 ■'J J ' ^.' 

(JLciil ^- LaLcj Jl«-lL<-uj (j| (_<^>oj ,Lj SI < Vi^I Ajij^JtA j_lC (j^J I ^*J ; " J> " ' . ' * ' ^J J'-*-"-" ^ ' oJl^Z ,(_3l_jJ}U 

: Ring Shecks 4_lLUJI Cj\ zz.-.'W (2 

i _, -v I , ^»" <"il £5 ,V*itl 0J.&J .ft Jl^>JI (Jj_Laj JlLcj Ju2j 3-Jj-L-uJI '"'I flL>JI (j\j VL^ajLlI C-lj-<-uJ ' - ' > 2 S "■" (j^Aj 
l^LjJ^I oJui (jj I -i^— ■ .j_u.=3 (j "j SHj 4_i_LrcL-La 3j_atjIaJI j^j 4_»ljIu i—sLjJ^I tj^LXi ^_ LiTu-u (_y-J' JuiiJI dil^L^jvl 

. jjiJI (_i,-ira-->»j l^jju j-ii] 4_xJ3jjlII 
: Radial Shecks ^UsU cj LlL.il! I (3 

?TjL>. J| (_Lua3 Ju2j <bg.Li.uJ I (JljLlLsJI (jyic 4j Sj -i c j ,p JlsJJ ^jlaJI ^>L>oVI I2_ 4_jii.l_S ' " 1 1 S 2 "■" (j^J 
■ 4_ilreJ.U jL*_ti JU JuiiJI (_f,.ik>. ^_ LiiLu '"'I ^* "."it I tfjuij 4 j ^ ,", ^-^ju~u 4JL>JI 0jui ^_ (jr «_cuJJ ,3j_SljIuJI 

: Knots A^t-iJajJI JlSaJI (4 
4jt_uIu-<3 4j^gJ2 *.ljj>-I J SjlIIj .pj-iiJI («-*jv *-a I ^ t^-n- (_i_^uLZuj ,2j_atjIaJI p Juv ^_ 4J^2Jl^3 pj-2 ^JlcLs (JT ji ZJlSjlII 

2 j o~3 (_^I j-^»«J ^- JlSjlII Ji^jvjj .*.^LLaJL I ^"_; La »" ' -j * uaJI ^jjo (J-«-^iJ L^j «Ji^>.jJLI 4_jJLA^aJI jljJLI (jl I n*—' 

tLuSrtJljtfl^-4-9 

: Moisture content 4_^lajJ| ^.^ -1-4-9 
: (^LlJI (jjjLSJI (JLcjlLjiLj <_jLiii- ^l 2— 4_jjl3jJI S-u-uj (_jL-il>. ajj 
LaL>. (-.hTuaII (jjj _ W^J '— '-■i^-!^ ujj 

(1-9) / 100 x = l . / , ; ; l ^JI^-4_ > ^l aj j| ^ 

LaL>- (_i-cuJ»JI (jjj 
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: Wood Shrinkage t-iJaJJt ^Lc^iJl -2-4-9 

(2-9) / 100 >< = ^ u^ vi ^ 

LaJCLka LiLc^iJl jjjj U_a (Anisotropic) CjL&L>oV1 *-J-«^- 4 O^^ ^a^JI L gjL.uILaj..ig. t_i-^a^JI j-LLtJg 

:oL>JV1 «. ,,,, ^ 

/ 0,2 JlO,l:^ t U^ - 

/ 6 <JI 3 : (j^Ljui ^LLaS - 

/ 12 <y I 5 : <j-uU_a c-lUg - 

./ 1 8 j 7 (j^j ^42 (Volumetric) cr cj»tj>J1 ^jltJll ^^JLc Lai 

: Wood Density < t ,A^JI ^Li^ -3-4-9 

: ^LlIL^a i_aLi><JI Juu (-.i-iTaJe-U ^l"^-. tl tljVjut^J ;JJ^~~ '"j .jL*_i!u^I p^j t-.t_i.aj>. (_i,-iTuJ»JI 2*\~£—, j ,»"" 

0,52 j| 0,32 : ^jai t_.Li_^i - 
0,68 Jl0,38: iAuaiicjLAiVi - 

: t__J_i-l. 4 j^n l ^jl ,l ^i^-ji -4-4-9 

lZ)4 j oU (j\J 7-jljID ^-_P- cr^-i - ^' ->L->--VI 2— J_iiii! 4 ajl 2 a j J^"" 1 ^ '—'-iTuaJI ^ La «j : Ji_-l_!l ^LajLiLa • 

2 2 

. *uJ/(j 0,-5 J 1,J (j^ 1 F3iy^ (jj- c -'-*- t ^-^ ->L->--VI -§_ Lai .'/■ LZ, -j 4jj__aj 4_n.uJ Jilc <ua/ \j 

? ? 

'£— <-a//J O j 2,0 tjruj (j^J^laJ! _>L>oVI IsL j«s-a/(j 56, J J 29, J (j-u ^"JLh^ ' ' ^ * '^ 4_ajLiLa • 

.^LuUI oL>JV! 

.(___! jiaJI oL^oVI i|_. {<s-a/(j 1 J,0 J ^;-' (j*4 ^"jLh^ ' ' (J^^N <LajlJLa • 

. a-a/)J 13900 J 7700 iyu (-.i-cojel! 4Jj^J,l J_aL*_a ^jLpjj 

t Artificial Timber l&UluL&Vl -5-9 

->Jl_- (j^ajl '^'■■1 lj_Lajj .*.1_Ll!I J-u-iTaJ (JLj-cI -§_ LJ LcjCh.u I (^Jlj-l-! 4 * ' Lsa 1 1 t-IjJ^I £j_a 3j_lL____j p'j-^ '■^Ji 

: L&jjjl £yij ,j_J3L>JI c_-2jJI -§_ LJ LcjCh.u I j---= Jl2_2 (_£.sL*JI (-.i-iTuaJI j-*-<-u pLajjIj ?-ljJ 2I 

-79- 



4m_UI tJj-jl I JJU104 jaj-AllI 




: Plywood (^L__=}L&I) c-^j- 1 y.^ l -1-5-9 

I j'^« t ' (33^ I— (jiliJI _}_L_)J 4-tJj-J ^-^>- J .' J ' ' J^ JL9^*^' V -"-~- I jjjO _}___J 2 JlC (j-<5 (_)IlL^3^Lj^(l (j^=XJJ 



LjJLc u__L__ I g La » ' a *_<a _j_sl_><_l ?.IjJl!Lj _j ■ -^ I" |4J .*___• jJI 3 1 ..^-il «" ^ ;jj-~ ■" _ji L^aLjJI ju_L*_ J_>j__uj 

/ jl J ji J _£? Aj-ij-2 2_L_. _)IrL___}_j_M Jj-i^J _J-- (jj__=_3j .L^Sjjvl ,jJj__i_j ( - _j>_i *u ,4__al_><_l (j-uL-ziil 

: Particle Board ^.^pJI t___i_»J1 -2-5-9 

___>_> lL-JLi ^»" *i_ ">' ' i <■— — ■ " #.1 >JuLi __Lu\_>JI £ju_ ____>_) » ' j '-^ ' ' (_-_u_»_l o )L_uJ J_y3 4 La a iL--ua 7- 1 ajl /--Aj. 
jl (_>_rL___}_J JU _^ 1 "-—■ '"' jl (j"*-^>-J-' ^ -1J --_ 7-ljJ ^l 0jui ;JJ^~ '"'J ' La » ' '-^ II 2 Jujuiu 4_Li-L-u (jaljL=L^5 

t Preservative Treatments for Timber u£fti 1 2bU»- -6-9 

.jjpJ'j '"'I J) La aJl a U) <**<^-i Jl a ill I )-iTu->J I 

: c_jL!l^>U <_J_JLI J*1^*J1 -1-6-9 
S_vjj __i_. lj^i-= Jla-ju L&jjL___3j .(Decay) l_____»JI JJ_>o __i_. Ja*3 ^yJI (Fungus) t_jLjJ___JI • 

.4j^_J| Jljjvj ___>- (jL-=- lil <— iLiT-r-^U (JJ_>_i <__J_»o Vj .4_jJLc <bjlajij 4j_G__a 2jlj_v 

(Termites) Lj_s^_j <_P=j^' o_»o -i$^*>t! _>-_)(iitl J____jj c____iJI a^-Ljj : (Insects) __lj_<__>JI • 
(j-JaLlkJI ^ 4__l___il pl^jVlj (Carpentar Ants) 2jLa-i!l J*\« (White Ants) (_>^&l JaIMj 

.(Beetles) 
.(Cocatus) jjjL_=3__=JI j-iLLa LJLlaf _>xij Ljl___t-Sj j3_tl_JI _>--aj c____SJ1 ajvLjj : (Birds) j_a-t_aJI • 

: <_lL___-Vl ______ _L A-aji-li.»-U ,JjI_JIj _ljil -2-6-9 

: iyCi£.^AScja ^l (_.i,-_-j-i! 4___3l_>iJI _ljJLI < • •• _ " 

.(Petroleum Solutions) J^pj-I JjJUtaj (Creosote) __jjjjj__=_JI Jla djjjjJI • 
.(Phenolic Resin Solution) (_______]! JjJjiJI J^Jbta Jla 4_yt_3_i, JjJUta • 

jl (Brushing) 4_<_,j__!L L^jLa. J!l<____ ,l_i___>JI ____. _3j__> 2jl_j L^____j (_>____<w t___i__i! 3___3l >JI _ljilj 

Jai- _>j a_j l____s__! 4_>JL__a (j__i_- - 1 Jj__sjJI _>_=-Jj (Dipping) L^t-i c____>JI (_>--<_-. jf (Spraying) L^-ij 

.4jlj____3 ^.L___T 4J>1_- (Pressure Impregnation) <_____ L_=__I I _ljll 

-80- 



A*«UJI tJj-jl I JJU104 jaiaxm 




: cjLSuxVi ^>jl^ -3-6-9 

^_ 3 allie-tl (JLcn^il ^- LJ Lc.Cn.u X 4_»*aL>. (j^ajl Laaj- LJ <_jjJlj <L>JL*J.I <_jLiii-2l ^jjo *j "^ p'j->f ^^^ 

: (JLiiJLI (J-u-i-u (jyic L^-Lo .(^LjJLI j-u-iuj 
^yjL^t^a J^Jbta 4. t_<-<iiJI (jjiaaj jj^jj? : (Fire Resistance of Timber) JjjjtJJ 4_ajLai1 <_iLii-Vl 
4_ajLLa BjiLw <j — La i ■■ ijlaij jl Jjlj^VI f" 1 ^ ^ l£^' (Ammonium Phosphate) ajj-LaVl cj\ A,,.yg ^ 

jLiTuTliI (j-a (JISj tiJUi (jyic-J •JJj"^' i-^jjJa Cj^>o (-.f-iaJeiJ LJj-^jJ 2jlj^>JI <J1jL>.j.S j_ii-G (jyic (JjWUJ Jjjj-sJJ 

t PVC ) £tf ^ ^» ) JiiiiJI Jb>^ jixU ySLMJI -7-9 

: <LajJLa - 1- I -y 

L^Jl Jj .JLsjlL-uVI ijuLi I j ^a ^"""N; 2 ^ La j-& (Polyvinylchloride) C3 -<-u 2_ ^ jl J^-y^' L'JJ 1 ^ -s-^-a 

'"'I j-:^— ' Lg-La » « < ^>" (_jj-!l [OJaJI Cli Ij_lajJ^j £jja P VC ^*±$ ^ j^'l j-ij'^— ■ II <Lcl it-sail 4_LlcTl!I cIjLslIUJLI j ~^— iT £ya 
2— aJlJcTllmj ■» « « ^ t I ( J_j_u_aJI Jjjji=3 .SJiAHa (j^j IOU jjja j '*— - 1| (jLb LlLLc -i>j^>- AjjJuv 4_jJ I j_lC I Juv 3j_i_l=j 

juaj ' . • ^~~*j~'W (_W-"J u^-^J «LJ 2 4_jjLiij| 2 si -i^- -1 *.1_Ll!I 

Jjjvj (j^j aAjJI (jyic (^iaLiJLI (j-a JuJmJI ^_ 3j_lL=j 4_jjLiij| jlj-a (jl ^— i a P VC ,2j_ii- ^1 <— ) 1 j-LcuJ I ^_ ,(JJlu-<-uI 

. Ajj-iajJ I <Lae^aJ I J <LlajJI (jA* 1 'JJL^^"* 1 (_H-4^ <_7~5^' J - "^ d^*" <— SjLjta 

: PVC ^i^ -2-7-9 

: PVC (_y3\^- <-&\ (j-a 

■V(*-^= 1380: ^l i^t i - 

. A^a/j 80 — 50 : Tensile Strength jiAJI 4-ajLia - 

2 ^/o 3300 - 2900 : Young Modulus ^ 3J X\ J^Lva - 

.(W/m K) 0,16 = <U ^jlj^JI a-Jl^jII j? ^^ Sjt^stit SJjLi zjU - 

- 0,04 = ASTM V ^v ^L_. 24 J>U *UI ^^L^lal) Ljj jStb Vj ^^jJlj ^LaU ^ajLLa "oLa - 

.i_4jliVL^= ^Ulj i^s^JI JUtVl 2_ Jat-,,„j dil jj (0,4 
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.cj>LL=xJIj ^jjLj^=JI tiJ^L-uVl Jj^. 4- ajljcTl^j till JJ ,^Lj^=Jl! LIjLc 2-iLo - 

: PVC cA-Uii^l -3-7-9 

: L4I0 JLcr.^1 (j-a j_jiii=xJI £_ PVC aJlscIL-uj 
Bjj^JlII (^LjJLIj •»■ La 1 ■■ >l (Jj- 41 4- (^J^tlj-^J *>^ , •— '"-^ Cr^3 J- '-*^ '^jjl <: ~ 1 -SJulLsJI £jjO Jij-*-!i Cjz^j ( 1 
(J-aljJtJI 3 ajl <Lqj di VjjuM j-L<d3j .JjLaJ ^(Ij 4js. Ln-uJ I <J1jL<3L«jvj (JIiIjJLSjI (j* La ■" 4_ (J-gjCu-uJ I o-=3 ^L^' 4- 

.{tuIalj^>Jlj 3 _;■>• uzl\ (— il jLjjLaTtJI (jlalj^. 2 (_i_ijL) 2 Ij j_u-ulji,l (.Z 

.jIjjl^ji *Lk£ JU£.V ^IjjVi ^i!j^=j .jsiSjJij ^iyVi (3 

.^LlJ=j}U UL2l\ (4 

.LuLj^xJI tlJM^SU Jjl^cj Lilac.? (5 

.ajjjiVlj l-lA^JI {j£. y^J^ t—il^jVlj JlsIjJJI (Jj^Ijj) cjljllal (6 

Glass t fcL_?>JI -8-9 

: ^-LvjJI lJij^jlj -l-8~y 

. y\)\)~ oUU (jo 7-jljID fijIjJV 4JVJ.S Jiic ^-LvjJI (-JJJlJ i^p- '^yji^JJ^H^' (_)ia-oLv ».1_llli-uL 

: ^UjJI oLJ^l* -2-8-9 
: !_«-& (j^iu-tjj (Joj_cxl2 Jl ^-LvjJI 4-cl_a*a 4_ LajLJeTn-u-U 4_jjj 2I aL>JI jljJLI < • •• Sj 

: jtuiaJj 4_j_<_uL-u2l jljJLI (1 

{jA 4_JLC J J ' S3 >i 1 1 (*J£9 ,(_£.SL*JI ^LvjJI L4I0 * : ' s3J (j^tJI 4_J_<_uL-U^?l fi^LLI J^—- ■" J (_£ JJI : I ==3-jl_U gJI _ 

(J-ajJI ^_ Jap-iuj^ <Le.l ' Laall j • Lea^&lll *JA^=s pLajjIj ( " 1 Lj j * 1 ^> LI lj_ku j3jljJ=xJI (J-aj aJljcIL-uj Vj J-ajJI 

J U. 1 (jo La <— iLt-u->JI <JliL-ulJL<5 ?-jIjIIj (jlj , L=xJLu-uJ I Lj i •■ ^—-T £^0 4_jJLc Lu-gj (jyic (_gjIL>iJ q] aJlJcTh-u-U 

.(jj-aJI (_li-l^ LccLjJI jljJLI jjLLaj t*^ 1 (jLa-iia Jl iaLisVLj 1( jjiJL*lIlII ,Jj^>JI LjJLcc (jL»->iaJ *>_a U.O 

. JljJljsJI ' - ' I j ^-1 <j a L^Jua OjJJLI 4_^3Liw 4_L(la L-xjIj^iJI 4_i_i.uJ ;jj^~ '"' (j? C_J LajJj 
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Jj'^— ■ "■"' ^_ JlcLlxl^J jL^ajVI 4JVJ.5 Jj^ 23 (jyic AjJ Sj LaaJI lu l -<^-iT (_LaJU ^tP* i\3-' S J '^^ ' .' *"""' J a ~~ 

Jj"" J j'^ ^JL3 l>*-"' yJ^J^J 4_iJ i ^^~ l (jj-2- 1 J**" -1 •"■ ' A S ig >• a ' > ' * ^~* 1 J*~~ ' '"' ' aJlscIu-uj : jLu-uJilaJI ~~ 
(JiSjj J4P/ J^~i i"n jQ ts>n il\X\ t>JJt> (jl *-t*-p* UJjL^'j AjJ-ij i^tl ^gJj i u^aj (jyic (_£j!L>iJ : (jai^sljj-JI ~~ 
(jJcjji Lil j . ..^— ■ jjj V OJJJ-jJ' J-lj-*^=>~\ jjjo *j '.'^"* l ^— «-■-"-> (_£jL>JI TrLvjJI (j La tiiJ jjj .T^LvjJI .SJ_«-! (_LaLsL^5 (j-a 

. ijj )LtIl t ' . ■■-— <\ a ^a_uLLujl * ' * ■'~~ l1 J ^_>^3Luo \JI * ' • ..~— ■! (JILa 4 j'^1 a i ■■ II a 

tiiJD jtuil <j-aj .^LawjJI 4-cl_a*3 ^_ (JLcCu-u^Ll L^j^jjv i La •< '-^ I Ajp-iita CjIjLl1>.I Jl 4_jjj2l .iljJ.1 ■» i ^- >■ I ij 

tiJJjL^jj ,(_t-ilj-iii]l (j^3 (J^JjJI jli- (JjO Jl^sQL! ^^'1 j-ij^— • II (J-iLre-iJIj (J-ajJJ ^^lajsJI t^jJuJI <— iIjLJlvVI 

^ ~^~ £ ~~* '* (_L - 4 r *-'-!l cr^ 1 ^~ iLa.L>J I (-.i-i-uj (JjJuu ,j^~ ' 1 ' ^-p- Jljj-uL=j ^1 (_i.i.uj (j-o Jl^sQJI 

: ^-U-JJI ^iLL^ -3-8-9 

: (JT ji (JjvIj_<5 4_»jjLj «Qcl_L^3 j-4-i 

(jiajuj I L^->iaJtJ *-a ^-j-c-SJ (JljLt-i.LV j! fiJ^aJ J* : ~ l "■ (jyic- '"'J ^ J^ Si^J^' ' ^Ij-ll ^)j^~-" ^-p- -j g »-i3jl _ I 

.4.^3 L>JI (jlji^/l Jl (JS-Jlj ftu 4_u.<-a ^-J-ijj '—'-i-u-b 
ajj i 4 j j I La LI 4j>-jjJu Jj^~ * iliUJl 4jbvj-a Jl J Laaj Jl>- t-^-ii ^^0^' J i"*' ,A -^hy ' J-^"" 1 *-"-"' _ h -1 

:^Q2j^La ,_£Jij>-Lj Jj'^— • "<"<tl 

.4_lLc ^-l^aJI jjij-ci (*J£9 (_JLSJI -^ j j g ' ^> ' tl ' . i ' ^>j :^jJljJI Jj^~ » ililul ♦$♦ 

^■LvjJI jj_4_j£ ,•> La i ■■ 1 1 ^-LvjJl! 4-j-uillL La? LjJI ^- alllj j g ua-ll I (_ci^a A-jJ -i^* j«u3 ki^p«- ^(jyJ'^l Jj^-~- iSJllU** 

Cj^LasJtJI (jjO icj^JJtA (j-*_> ?"lj-!^ J^~i i~i I§_ 7rL>-jJI i^3e-u±> ^-£>- <■!»>■ ('it I *.Lcj J I (jj-flil Q-° J g ' ^ ' L I 

. 4_ili^a i>_sL<5 Jl 

(^iaLca ^)J^~ '"' ^_^Llj A J ' '■^~'"j d £ S " "' (-.i-IaTl! *-J^jJ T^LvjJI JiJ^JJ 4_jJLc£. (j^J : Jl^-uJI jl (-_xjJl^1!I _ 77 

(jy ic Jij^_l1!I <jj^ ^_ 4_jjvL>.jJI CjIjJ 2 I x-tis^aj 4_JUjl!I ^>Jui (<UJJ ' ^^■l^~ l '"'"' ^ L *r 1 ^R* ^iO"^ <— ilj-^^i I ^- ' ^ * ''"' 

.fijlj^sjl (j-a Aj^LsJI <jvjjjl J| LlsojJlJ ^_u aj ,4_j£L=j 4_iLaj BjUjI! OUU - 4UU (J\J 7-jIjHj fijljjv ^"J-^ 
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itU.U«j**J! Jl$i! Jl^iluljLu^l^jal^- A*j Jbt 31luu 




LjjIuj_£=3 (jj_aJI (jJclxl^j JlLoI -5 _ 1 *L^= j-C- J J-*- ' ^ _ A^ 4jjla (j^Jjla daLiTa^ (j^. 3jLlc Juj_uJI (jj-2j 

_ j . AJuLluJI LuLJ2j)ju»J,lu J? 

.L^jLilt^sjj I g * La °<j L^J-S-i a j 4_jjvL>-jJI luIjj^I ' ^ J La " 4_L>~jJL1 oJui £— ajj : j_L£j*-i!l 

: ^U-JJI ^l^i. -4-8-9 
i_2^9 (j-a 4ujj LgaJI 4_<_iTu 2 1 fu^j>- 4-!}L». (j-a j-aJ ' 4_lxuL*-L<s 4_i2L^3 <L^LLluj ^-Ls-jJI jLUcj : * S a ^"1 ( -I 

Jl I ■■^— I 'I ( J^jL*_<5 ?-jljUJJ f-J LeaJI j . ..^— .J ^j "^— I <* (jyic BjJlSJI T^LvJJL! (jl I A=3 . £ I j-SUk] I Ou»U (_j!l ^ J7" * u-fl-ljJl 

j^1_' La J-^=>\ (j^UajJI ^1 > j 4 jl ■ ..^-.'.Vl J «l » a JJ^JJ (2.179" 1 .467) £fU ^LawjJI 

i_Lu . A-<-u.l I ajjIjusJI <L>JL*J > Ij ^■LvjJI <uj^=ajuj 2'^l"^-. II j j^_ 1 3j_^Li-<3 4Ja}Lc. Jlvjj lL*-p- : 2'^!"^-. II (^ 

«LJjj (jja-aiejj ^-LvjJI (j^e-mJ Lajiicj . {^^u/ajv Z.O j 2.1 (JV La 7-jlj_uj {^.iji/ajv .Z.Z) 2*^1"^—. II , U , „j" a 

.X 10^13^ 

SjLmfl l_3j_*jj <LojLLa3j| jl JaJL>iaJ I J_Lc ^ 1^-— i "■ j Juj X < Laj&lll fuj_<j< <_>i-A («-"l>- TrLvjJI : i»jl mill I ( J 
lL-ls- 4_li£=jju L^^Oi-Lj ^-LvjJI (JjL-cl2 ( ai!L>i ij . < ill ^— ■"■n.x I j| (^uu^l! <L<jjIJL<j (jylc 4jjJu2 LgJLj 7rL>-jJI 

.4jjL-cl2 « Jluj Cr^ 1 ^~*J^ ' "J? J '7*^ * .' '" ' *-^Ljj J*-^ 

£_ J^jCli-uj <GlJ2 tiUjJj) 4_jjLa-l^xJI JjJL>dl ^Lc J^ ijj ?:L>-jJI fjLL : ^Iua-l^JI jIjaI! «CLajL2-<5 (4 

*.Lll juIjj 3 Ij^j i uj ^-LvjJI (3j*>J (_j^J' aj^JlSJI i~\\j £<ss\\j liAjj JjjLaJI (j^> -i^- I JlC ('L^Iuaj-^xJI <— i Ij.lltc.1 I 

.IJljv ilj^ia ij-LflJ 4_luLcj Jl*j 77LS.J.JI (jyic 

: ^UjJI £\£] -5-8-9 

4_LLUJ (jyic «LjljIo.l L-J-LLUJ ,^jJ-CJ (J Ol * O J » I i3 I I J-LaJ J I " ^~ I XJ V 4-Lije-LUj Jll»j2 fijlj^>JI (^jl-Sj t (J "^^J LlI I (1 

(Z . (— 1 lj-LL?e.l I L_J LjJV L>- j J ^LluJI <-_) 1 j ^= ^J (J J 3e ' i3 ) I 4_L<3 » ^ . ^>"j .(JJJ^jJI lu I ..^-iT ^^.a 4_l!Lc 

Ojl g L<a 'I 4J*-JJ pLajjIj jJlaIlII J-aLs-a jJt-L<aJ JLIgj : VO L^ijJLllu (jt jj<LSJI ^-LvjJI 
2 \ g 3» ■ » I ^_ (3aClluj« (J-lscluTliIj (j^-"9 (_)^3LLa>jl lu i ■■^— 1 1 (j^j ej ' j ^~ l 4-u-uJ (jyic ^aIL>o • ■ )l a LtaJI t^LjvvJI (j 

lu I -<^-iT £jjO 3j_l_L^3 4_lluJ (jyic (_^jIl>U (_j )lj LgaJI 7^L>.jJI (jjO JJ>. I pJJ LiJLLij .4_LC.I_L*^aJI lu ljufcjj>ii I J AjJU^ajJI 

. f. 1ujujJ=lL! (3j-'^ajHJI *-^JJ 4J2 3ujI Jj ^^~* II 'j-^^^'' ^- 3-aCllujj LUiLLaj (jjJLa juC JJ^J ,A_au^lj^jJI 

( jy ic (J u>-L>.jJI juj^alll jlj-aL I /fa- \'' .<~. j«uj iujvLvj LUiluJl jl Jajji. (jj£ SjLlC (_,-& : ijjvLvjJI LUiluJ^I (4 

j«Ju 4 il aia i "I (3.3-*" ' ^ 4 -^-*"'-*\) '-* 3 _W- > ~ PT-*-^ L -* , i 3 ' JALulo 3^~* '"' ' „ !J ^^~ l ^-lx-lclo (j^J^Li << *~— i i •"■ 

.,3JJ_>JI (JjO 4_jJ2ljJI (jaU^Ull icl_LLa I§_J ,ijlj_»jL! iijLc 3jLA=3 4_L>-L>.jJI LU3luJ^?l oliJt JaClluJJ . ic.J_LUj 
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(_xj-<-uj «L2j_ajj rj LeaJI j-iTu-u L$J 2 LuLuis 4Jl*^><jj ^-Ls-jJI Jj^-<3 j_£jJ 4_SJLc JjjLJajJI ^ S ■" ii^p- ,?:L>.jJI 

.^■LvjJI 4_lIL jl i ■■^— i 'I (J-aLs-a £yC LajLlxl^xjI (J-oLs-o i_3^1lLiJ 

: ^UIjLisl^lj^U-jJI Ji^.U -6-8-9 
t-jl^jVlj JlsIjJJIj CjI^LAjVI 4_ JL«jlL-uV1j AtjLJeTmiVI *JsLi ~U.,.t I r-LvjJI j_lL»j : >-U,„ll rL^-jJI (1 

(jl I -i^— ^ .flat rl3,tG V j ^ ■ ^> ^ jj ^J j_IL^i/a j_lC ^-LjvjJI I JlA Qj^~'J iji Q^""" 1 1 'J .*_Lalj-2-!lj dj L^jv I jJ I J 

£* v^^e ^.p- ,iii>Lu.Vij ^JLo^j ^^ jrU.j _^ Wired Flat Plate jj?^ti ^U.mII ^jljli ^U-jJi 

(_)^l^i- 4jI i -<^-il (_j^-l (JjO pLu^al «GLJjJ=j_a ^_ (Ji- Jij ' 31 a "■ •»■ La i ■■ a ?rL>-j <j-C sjLj-C J-A : (JJ-Lai,! ^-LvjJI \L 
Juu^j .(^LJLI 7^L>.jJ (j-u-c-iTaJ I 4-t-iTuI JjljHiJ ^a (JJ-2j ^-LvjJI jjja pj-iJI I J-A .(j-u-a-LaJI 4-t-iTuI i _ya\ LalLalj (JjlLall!! 
JJ^~ 'J > ll ^- 4-a I JlJcTli-u I ajj I -i' : -- ■ .(^Llc-U (jt jvjL>JI j g La U j ^jLaJLil p j -: < ^**< 1 1 ^_ L«-$-a ?j^- (JjJlU ?:L>.jJI 

.Lljilj pJ}UaJ1 ^Ijlalj cjIjjVI Jla ^liljJ! 

4JiLi_a 4_cjL2 «L2la_La I -i g Lu (JjLsJI ^-Ls-jJI £ya ^j-lIS-lLs £)■£■ SjI-j-C J-A ( (j'U-S-J-LaJ I j J ) : T^j^jJll ^-LvjJI ( J 

J! i^-ijj Us^'j U>jl>^' JuLaJI J-lISj j ,4_aLl!1 4_j£LiAJI j_j£jj JjL*-" JT^-j-" Jul_^2 p_&? ^j J^^.U 

(j-a pJ-UI I JLA (jy^-J Jtjvl ^jj^-ijj .2jlj^»JL ^j2il ji (jJe-i- u - U r-L>-jJI (j-a p^J £^t «jLlC- : i^J-Si' r-LvjJI (4 

(JlA 4_laL (^JJI ^La^JI jjJti! iaLisVLj .(jJ>L«II pl_aJf ti^^i ^-La "itjj LjjJ^s- jl J^oL^aJL Cr la-i-a rLs'jJI 

^jlj^sJI <Jj-*-!l ^- 7tLn.jJI (j^J pj-*-^ I JLA AjLJeTn-ujj .(j-u-a-iTaJI 4-t-iTuI (J^i-^ ^_ p ^— i 3&jj 4JL2 ^-L>.jJI (j-a pj-i-!l 

i ^ ^ , „VI 4_ilajtjj 

•»■ La i ■■ (jyic A-jJLc icj-txij (J^JjJI (_>IiJ 3 La i ul^gj ■» x i aaj ^-LjvjJI jjjfl pJ-iJI I J_A : (J-ajJL (_)IijjIujJLI ^-Ls-jJI (j 

^Jl ?.ljj>-^(l 4_LLaJu (*JJ3 ,7rL>.jJI tiJLv 4_j1a£. (j-a J ■^•■'^^ j .'"'*"' J PtL^J-J' a S & "' (J-° (_r^ AjJLaJtJI ^>JlAj .^-LvjJI 

(_)lolj^.^U aJlscIu-uj ^-LjvjJI jjjo pJ-iJI I JlAj -iSj^- ^' ^l>*' ^ Cr^ 1 Lr <5 J-^ L>"J (*-^J ^aLLlu ^ S _■" (j) ^'jJ 

• (jyL-^l jJI TrLvjJIj J^aljjiJIj CjIj^/Ij aLa^JI <_j1_oj?j <_jI_jj^/I Jila AjjL»l1!Ij 4_l!J_LLI 

c-jjJI I jLji ^ JL3 -Q " * '**''' j-^^ cjV^-" L)-^'-*-*' (IV 5 d ^J^J d S-Jaj ( _ y LaJLa ^^Lc ?rL>-j : ^j ,.^-il »1l r-LvjJI (O 

.^■LvjJI (J^ii>- £yi J?J^ o'^ (j^a-sejiU Jj^-— ■ a ' *-i-»-J^ > ajJaJI <^>- <j-a * j'^l a tfuJ 1 aJ-C 4_li^3 L->> 

(j^alLaj (jr'J' 4_n.u.a-iTaJ I i^LLaJI ?"'jJI t * ~ ' ' ^ > " d -^ °^* ^" ?• • J^ L*>° Pj-"' ^ JLA aJlscIu-uJ : (JT -i.u.a-L'aJI ^-LvjJI ( / 
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Jj'^— ■ ""1 2jlj^>JI 3 La i ul^j I oj<A»^i ^jLc^tllJD -j-i"! <^> A; a -j-<"» LaJ3 (j-o » ' ' saj : pj_ai,l ( _ 3 JvL>-jJI <_jjlaJI (o 
(jljJ^>Jlj 4_i>-jL>JI dj L^jv I jJ I J jialjjJI 2— aJlJcTu-uJij o"j ,^.1Ij (_gjlj^>JI JiJjlJLj 4_jj_La_JI jLLoj 4_jj_La_JI 

.4_jL^ljJI *ialj2J1j 
jUJI (jaiiiaJI 2_ J i a ojj .JiJjJI Jl TTjLi*-!' <j-a rj.^tl J2J jji 4_La L^JijJI : '"■-> »^aj,l t y>-L>.jJI (— i^laJI (9 
,(j "I ''-— < » ' x I 4_li^3 L>. 3_SLjjJ 4_jjJl*^j ^ fljia J (jy jvL>.jJI <_jj_La_JI (jLi.S J^jj-La (j-C 4_JLiJ Jl!I 4_n.u.g.iraj I 4JaLLaJI (JjJ-Sj 

.4_jjiaJI (JS-I^ ^_ 4_ 1 _cl=jL*JI 3_sLtl ^-^3J >J^~ ' * ' PTJ-l}-^ <_ijlaJI ^_ Lg-Lu 

J^nn. t^c ^vi^| 5^<jij .^jlj^Jl J>Ji l^'j^'^ <* j^i^ : Foam Glass ^jJl ^jJ! (10 

.(_i-uLJ 2I (Jj-*-! 4_u-ul_L<5 *_LalJL<j J'^— ■ "■ (JT icjI ,4_j_b 2I ( aJLmlj ^jIjJuv Jtj-c ^_ (J-g-Cn-uj 2jIj_»Jl! 4_JjLc ?"'jJI 
4_ajLiL<a (jyic 6 J4^>- <>jJu2 4-!j , (JT iiiJlj JjiiJIj j . ..^— ■ It 4_jJLc 4 ^-— < jjI ^— • jjo 4 ajI ^ ^j (_gj^.jjl ^-LvjJI JLLgjj 

.(Jljlo-^L! (JjL£ j_lCj I fllla^a *.Lci! Juaj-a j_lCj 4_jjlajJlj *.Lcl! i _ya\ • -^~ **\ 

.4JLjSj> 4_LiJ>jui S_o*U*j <-SL^l 0-0 Cr^Wj-" ■ 3j-^aJI jj^^'j : FlDef GlaSS Cr >.L>.jJI ■ flj^aJI (11 

4.Lq_Cn.u.t I 4_jjjiLSJI 4_ulu ?-ljJ^U a/<^xl~=3 jUU (_j!I '"iIjM La-jJlj L-ajLal! a/ ^se~=3 YL (jjO d"*^!"^-. ^-jljIDj 



S <_jl_lili-^U 4_JAJ_(laJI <_j^jjl!I <-&] LA ~ 1 

j (_(-ifu->J I j_ys\^s>- la ~ .Z 

1 <_jLiii- 2I 1 La aa> ^_ 4-ajLJeTn.u.U Jjj-LaJlj <_jLiii-^L! 4 A h 1 1 ( J^j|jjl!I la ~ J 

3 (JjJjjaJI Jij)9i^=3 ^JuLLa j_ys\^s>- <Jt\ La ~ D 

1 (Jjuuj aJ\ JiJjji^j ^JulLo (— 1L0I JlJcTli-uI la ~ O 

J 7rLs.jJI !_y^\^S>~ LA ~ I 
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♦ J . . *».( 



.dlLJLijJI (_)^l^i-j p'j- 1 ^ 4-2jJLy3 • 
( - 1 1 A , y» I j 1 1 t L^l2jLLa^3j (Jj-*-J' -S'j-aj diLJLijJI <— it-Lie, a^LIjji' * 

Jjj-Lsj ^jlj^>JI (Jj-*J! -iij^J (J5-J1-II (Jj-*-!l .ilj^Jj diLJLijJI p'j-il ' a 111 se ^ (j'V j-^H*-^ ' (J- < -r l J^ 1 -^'' (J-^ 5 -*-^ 0~^ 

:3)lJL%}luUUal4 
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J>*J! j!>*j uLJLAJLJ! - 10 
Paints and Insulation Materials 

:uLJU^J!^J>J-l-10 

:(uUL&I)Vj*I^I-2-10 

: Binders UajljJI jl^LI -1-2-10 

^jt 4_LajljJI B^LJLIj (^j^^l (jL&jJI <jijLJj.^j-<3 ?<-£&>■ (J-*^>- (j-c- V^u-u-a jjj^-'j i_£>J-J' (J7 -i.u-ijjJI (JjLjiJI (j^j 

(JT ic (jLijJI ^*-*-t2 ( a 3j"~ j ( LjJjre.=3 jl LjjjJliL-u jI Lpjj jl L^'-' 5 LJLfc-s (jL=3 *-lj-<-u (jL&jJI pjj .sjl^o (_jj-!I 

.4_fljQicJLI dlLJ^=xII (Jjv < JT lc L^jjJu2 J s^Ltl JJt sJijjv (jyic 4j^jjv L-aJ2jIu tlL! Jl^3 < 4_LajljJI 2 jU.1 4-<ijJ3 
(j^l ( _ 3 _txajjJI (J^fn-u-U L$JI tt-^p- ,L^cIjjI *_u^>o <JllLJLijJlj dsLj^-iJI dlLJ^^j-a <-&] £yi 4_LajljJI _slj.ll Jl*j 
J Jlj>iJ (_jjJI <j---& 4_LajljJI S-iLU 2 -Sjp- J ' •»■ La i uJl J (jL&jJI Jjj^aJ <J- C - '^J' 4-!j)j-<-'»- a J (jLijJI diLJ^=i-<5 (J-<sJ>- 

.(jLijJI 2^jjv 
■^ , „ * "j .2j_Sjj jl 4_lLi^3 jI iljLji C-u)Li=. *.I^aj- L$j ii.Sjjvji.l 4JL=-JI ii^p- (j-a f"'j->f 2JlC LJ 4_LajljJI S-iLLI j 

.CjLjj JlLI j-jl Lalb L^aLajv AJj ^ jJt-uJa CjLslJjIj ♦*♦ 

: xiJUl ^ijli -2-2-10 

*-<a ^)j*^~ '" (jjjJ'j (jLijlJ ^ ''j ^-— 1 1 1 2jji^jJI (JT ji L^j .j ' a S 1 1 j ,<JijlJLijJL! 4_l<jjLj<2I JlcIj^JI lL\Jj~=3 ( _ 3 _«_ijijj 

aljill ilajljJI jljll «_<3 jj^— " (_yJI 4_l<j<Lj<^I Jfcp.L.u.11 (j^J .jL&JlL! Ct ^uLji^I aljill ilaU-JI 2^UI 

a^.L....JL!=xJI <— iLb^ 1^3 j,BaS0 4 ajjjLJI cjLu^=j : <1!UI ^Ijll pl^j? ^_&f ^j .cjLjL&jJl! C3 _txojjJI 

.CaC0 3 a^u^iJL^xJI cjIj^jj-^j j,CaS0 4 

: Solvent i^Jd! ^Ijll -3-2-10 
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: (jy Jb La <J1jLljJJLI 
.CjLiu_u 59JI « <JL)LJLiJul ^_ ( a a se " ■} ( d A^ -:^~ i J^JtlLmja : Jj-tJ-u >l5 ' ~ 
. )_l»- 2 l (j-cJ alii (j^'-'J)-'-'' (j-° Vjj L-ijLrta a ( a aie -:*■—■ L«iajj a JlscIu-uj : /_iJl*JLI i La a < 1 1 ~~ 

.J^JLlVlj J^JLiuil Jla 4_l!^cJ=JI jljil - 

.JJyVI cj>Uj J-ltl ^}U Jla Esters a^m.mjVI jI^JU - 

: Pigments %UI jl^il -4-2-10 

' J '"'.' J ^~^ 3^ <JM3^ J^ I JjvIj LJjJ Jljj-uL=j 2I oJui ;JJ^~" '"' Ji^j ,' -J^lLaJ I (jjiil ^jLaJlL! ^ La »" (_jjJI Ct-*J 

Jljj-uL^jI dsLJjJLa : 4_JjHI .ilji.1 (j-aj .(juijJI (jyic j-3p Cr^' ^~ J .!^^ <— !^-cLa3 CjjJlv ^J^iJ (jaijLfcllJI 

(j ,^-LVI ajjj=iJI Juulm^s] Jla) 4_^aj^j=xJI CjLJ^UI ,(Fe 2 3 j-a^^l JjJir^JI Jo^l^I Jla) JuJt^JI 

.A^j-a^L^xJI <JliLJjJLaj I( _)^3LuajJI diLJjJLaj , ( J A . -^ V I tlLijJI Jla) tlLijJI <JliLJjJLa 

: zjL^LuJll cLaL^Vl -5-2-10 

Cjl JlcLlxl/5 L4J2 dlLj^jJI <Le.l_Lu3 ^_ ^J Lsa3 4_lc-&I <— 1 1 i 4 OJuL>tl\ 2— (j^J ,'"" A A -<■ t I j CjLliTlUj (— 1 LLimJl I jyk 

: (^LIJL—j ( a '< < ^"j .aI JlJcTu-uVIj t^HVIj ■» y <^"<tl 4_j1a£. J^Li- '"" .'J* "^ U^*.' Cr^ 1 't '-l*-^ 

cjLjL&jJI 4_ Lsli. (j^LJLfliaJtj 4_pJI cjLjjL^xJI (jji^^lj x_Uj ^^jbj Preservatives 3-La^l — tl _}|jj,| - 

.JLjSUI 
.4_jjjJJI cjLjL&jJI 3-lJa (_al !>■ (_,!£. JlcLxJ (pJI ^^jbj Drier 1 <LL>J I j>|^XI - 

.Antiskinning 3j_<l2JI j^=l1! ajuLU jljil - 

.Antisetteling c-u^jlQ ajuLLI jsl^J.1 - 

.Antifoaming «^c.jJI *-ia jslj^a - 

.Flame Retardants JjIj^JI < h*j jslj^a - 

i^Ljjai -6-2-10 

2jS (j-a J^JJJJ Aj^ij^aJI (j-a JiSjj (jLijJI •»■ La i ■■ ^_ <jj)j-a ^ La «" I <JljLJLijJI Jl i 31 usH 2 jLcLtxi-a ^Ij^s ^^yji 

.(jLt-a-UI ^j^3 (jLualJVI 
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tutJLAdJl^i-3-10 

: iyU*ll cjULajJI -1-3-10 

: dJLjl^^LJI aj^jj cjLjL&jJI (1 

flaj? <±jju»4 (j-a Jl»3j .llLlL-u^LJI aj^j ^u-uL ^sjjjtll Emulsion Paint 4_JbdxJLI ajjUI cjLjL&jJI ^^aj 

.(J-Li-u-tl! 4JbLJ3j 4jt-aV ( a ■ a ) j 4_*_aV p'j-il <— 1 1 JlscIL-u I _ 

Jj l i U", I I A » I * . ^s" \ I 2 lj j , „ - 

.2jH2 Juu 3JijJl>. ■* fljJa (jui-S <LjjI *^~ i a[j ' AjJaJLJjl 4 lj g i ■■ ~~ 
1-jLlli-u^LiJ I dlLJLiJlj , (JT jiLaJLI i-jLlli-u^LiJI <JllLJLi.S : 4_jj2l f-ljj^l ii.Lu.i-u^l^JI Aj^oj dsLJLi.S £yi 7^±h yz-uus 1 J 

.*_aV ( Lt^aiJI ljLlq. u >Ll1I CjLJL&^j ,*_a}U1 

: Quartz j^jlj^tl (2 

4 lj g i ■■ x-a ,4_JU^><-llj AjjJlj>iJI <s.SJlslLU (jlj-lVlj j j LaJJ (JLa^o fr-TLaTa (_jJ-!I 4_jjLa_*JI <LbjL=»JI <JljLJLijJI (jjj Jl*j 

.4_jJLc dilj-ti- Jl j3jl^a^xJI (jLA-S 7rLlL>o Vj ,<Qcj_<-uj J j a '<"• II 
. jL^jvVI aJLL-u j| ' . < LaJI aJLL-u 4_jjL-uj^>JI ?.lj-<-u •»■ La i ■< * I p'j->^ f-^-*^ cA' 1 4 ^'-*-^ 4_jj|j=i_al «Glj_L«_4 (J-^J 
.Cjuj-lII j^yj) '"'' * <•-— ■! i ' 4_i j »J^"~ ' ^ ' / t^~ l ^ '"*• *'"' ' "! <-J A >— ) 4_iL&_} j<ijj Li-LSeja ^ •— — ■ -'■■ (jL&Jul I JLA ■ LaJtJa 

(Jjj^a^JI 2— 4_lC.jJI J_ul2 ,*.LLLj J3jIjJ=xJI ' ^J^*** ' ^ La i ul^gj 4_tj>JI jtwatjvj ^ '"• all I J. ^^— .-»-"1l Jj^— ■ q > I -i' :: — ■ 

.^.LJLLj \3ji a^=jjl <_ijjL>iJ aIu 3<-L<-i.t3 4_uv ai A£.LJ \3jl 9-=j /yic 

^jLsJI ^ A U 1 1 pjiJI J^^J^ .i-jLlh-u^LJI Ajjj 2_ JUkJI jji Lc^j j"j*J^— 11 <j-o I >iajl H_jJl ~t>±c J^-JJJ 

Ijuij ,<Jj-iTuJ»JI j| <LajJt_iJI ^^p- (j^a J3jIjJ=JI ^j^a (^j^-I p'j-if ^?-J^ I o' : ~- 1 .x^ax cJi^ajJIj )«-a^L!l pjjJIj 

: Gravato jjUsIj^JI (3 

A aSlseX\ •*■ La i u^ I 4_^sLiw Z) '"^— ■ (_J^= Liii-a (_p»<-l (jjJ-1' 2j a Laj I I aIuJl^»JI '"'I j i ,.^—■"11 ( j^j ajLj^l vj>JI jJlsu ~ 
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..sL^JvVI 4_uL_uJ j-J^S—JI 4_uL_u 4_j_)L_ij_»<JI •»■ La i ■■ 2] <_lJjL__iJ , 4_u.iT— >J I jl 4_uL_uj_>JI J I 4_U-La.i-u VI ?. I J__i 

.2» aLq-4 _y_x<5l >*-!' ^) 1*~~ '"' J) p_I__— Jl f.\ aTn-ul Jo >___ < la— aJI /__L_a _— Lc. ajLj^l w>Jl _ i>_ Jj^-— • q aa 

j I 3jL— — — Jl <— J^o-i— . tiUju _j La— .1— <-ay _,!! («-a J _yi <-f.Lg-i.aj 0-Sj— i rtUJ ^-^P- •»■ La i ■■ *l <___a-j— . j_l_i_lj_>JI £— 'Lsuj 

.4_u_ — >JI •»■ La i - * I -— i (jjj-v^l •»■ La i ■< * I j| 4jL_uj_>JI jl <_jj_ aJI 

: GRANULITS c-J^lj-^l (4 

— jlj^o— _— jjjl (JL«-C V (■_-— iLLa J-&J ,(JjJl!I 4_uJL_. _L_ 4j_.L— Jlj 3j— — — U.I J— _lj_»JI '"'!_■ i -<-■— ■" (j^j C<-J^a-}-)lj->JI 

*j I <^-i plj-ll <— i I J— — *L— i I f«U J— Ij (JS-I jJllj —jLgJvljJIj 

jl J~~" »Ji > '4 Lg_b^— > f— b <_,— Jl (JLajJI 1— 1 Lu-LV _yj jl (j jlj-jI— ]| aI_vjJI j i ■■-— ■ _yj CoJjjj I j-^>J I UJ^~'**'JL3 

(_JI f— <s U, J (j-o Cx^a_j_lj_>JI <— 1 Lllv («-?->■ ^"j'j^ii ' a *"- ' (<U 4— _>[__ <__L—>}1_~ _L_ til ]_. (<UJJ .yjj^ijjjjl 

_L— _ <j— _ — $-ij .(jjlil jjJi— _— LI — Lll— i^-jJI jj->- (j-« ^jj^—- a CxjJ^jjIj_>JI (j-a pj-i — ■ 1 1 JL3—L — i I ftu Ji— J .rfUJ 1,0 

(— i Lt-u->J I (jjjLS-a (j —a _jj 3_.Ji_ta (_i.-i.u-u j___j! j! (j-^J- (JLioL___ CxjJ^o.j_Ij_>JI — . i Lu-i_- ^j^o— _ — > _L_ _Li-l _G 

.Lftjlj LjJL«jv ^L_=-i_ ( __L__i_ 

: (e_jjJI aj^) «u__jMJI (5 

4_jJL_. _L<— ><_ 2j_ LJj 4_JL_ fi*.L__= C— Iplj ,4_L^_s fij—5 j_La aJls— _ _ 3 _,— Jl 4_lujJI <__l_L_j_l £y> 4_»_ __}1.JI juu 

jl d »J ; — aJ ^_ <LjJLc 3j_p- (_JI (<__jjJI 4_t^_i ) 4_j_ __}L!I ^L_»oj .(Jj-i_j_l 4_jJbL_ )_o 4 __j_t I 4j^j>JI (_3jj.__U 

.4__<Li- (— ilj-t4-->o Jl rL_>o <Lj_=}UL «LJL&Ji ^IjJLI 7_t__oJI jf U_= ,4jLaj 
.__a <Lj-=V ,x_aV ____j 4_i_=V ,x_<sV 4_j£=V : pl^j? a Jlc <Uj 

: -jLi^jyi -2-3-10 
.4.! 4_aj^L!l 4jL4->JI j-i— j3 (__L>o Ls-aV L2jju 4_lI_ajj ». (j _iTuJI j g Laj (_j~3l ^lji.1 (j-a (_)_jjjjJI Juu 

J—WJJ 7lL_L_a_3 -(J-J-2 (J-« A^^JJLA {j'-~ '"' («J _jL<5jl_L<3J (_)_>ljS- ( __I_AJ l_^-L>0 (_)_JJJjJI 4-_l_Ll— > _JJjJ_J t_U jj 

4ji^>JI (J^aljjii! 4_ajL_il a^LLt-U ciiLiTu-uj^JI (__L>«j ^jlj_w (JjLc- c^hjjj ' ^j^j— * (Jj' -1 Ly^J3 

. 4_i__jcJLI _jLal J__L-u^L!j 
Jl 4_ll__>Vu •»■ La i — 11 (_— Lc BJjjvjJLI _j|_LijJI )_« L__l^_x5 4j ^jjjijJLI •»■ La i — 11 ;JJ^~ 'J (jl (_)_jjjjJI c— I Lajjj 

■aJls— — — i.1 (_)ItJJ)9JL! ' ^ix— 3— 111 -il «-a 4_1 \jt-a 

: <— i LiTu-ujjJ I plj-il 

!(_JI 4____LI -Slji.1 f-JJ (_—(-—>• 4_n.u-UjJI cllLi_JJJjJI plj-ll (_)— — *i— 3 

.( — A-p-Li m J I —jL—ujja ) (j^-ijj—Ji— ' a ^~**J Cr^i) C^tHJJ ^ ^ 
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.*.LtLj lJijL>0 (jyjl-0 (_)IUJJJ ( J 

.JjJLi ' a ^~*~J ^ja-LiLi-u jj2ijjjja (t - 

Jj^-— • i 'j .(_i-i-ul_Lll .»Ij_2JIj ,<jjJojJIj (_piJiicJL! «LLajlJL<5j ,«L2Lfljv 'kc.j-ui A^jjla (jyic (_)IujjjJI jLiTc^l J-cHajj 
JuJjv (j^j 4jLki£ ^jLiJijj (j^ ' "Jj '^~' 3~\ ' * ' *^! ' 31 >iaj (jL=3 lil La 4-2j_*_l (_)IujjjJI Ot-ilj (jyic .SLcUcVI 
<L2j_*Jl <J1jIj_<3 3 Jlc *.U,I ^_ I g i ajjaju {tub (jl Jj^-— • ^ ' I a-=3 ,i_3Li><JI <Lcj_<_u a^jjla ■j i ~~ » < ' (_>Ii-)-ijjJLj •*■_; a-LsaJl 

.#.L*iI L^ILajLiLa 

: ^JjLlJI ciULajJI -3-3-10 

: ^JLU! ^IjiVl iJjUJI CjLUjJI Jl^'g 

: 5JjL»JI <-ii^ajrLL,JI diLJLijJI (1 

3^jjv x-a Sj-jjv 4_2jj_Laj dsJuLi lil (JJLL«_4 *r I a~=2 cJLuf Ju2j ,4_JjL*JI diLJLt& JlJI ^_ <lLjJij>JI pljj^l ^jjo (j^J 
■x La i ■■ * I <_!}-*-! AJiielLmJj .^.LJLLj ( a aj*j (^LiJIj i La all! J ' ^ ^^J (Jj^ U^-J- 1 '-g-Lo Jlvjjj .L^jLjJj^aj 

.<JLlL-uL-u 2 Ijl dlLaLa^Jljl 

: <Ltlal LaJ I 3-il>jajILijJI CIjLJLajJI (2 

ajL2j 4JLsl^><j «b 4_jiaLLa-<3 ^lj-a Ji^jvjJ <LbJ_>JI 4-Ltja jILuJ I 4-JjL*JI tIjLJLijJI p'j-il (j-ma-l (j-o pJ-iJI I J>-& J^*J 

Jj-C 4_J Ajj^VI 4- *l JJeTmiVI *_A L_<-<-uLuJ 4JL2 til! jJ .jL&jJI I JUfc '£- «JljJlA!I AJj^Jll -S>>-J *-A ,<>LjH <3^J^ 

4 ■ ■< La j La 1 1 al ^j'-^ ' • A -1Jl^_3 i-JLuTu Lia_sL>. al <u ais ' a c<a ' Ja-iL^o (jL&Jul I JUk -SLiml Bjaj-iJs x_a .Ja_jl a^>JI 

.oLjlt AjiLiJ x_Lo c1,_lv (j^° v>Li ^JljJ 4_aj^UI ^LaL^Vl *_<j Bonding Agent a-LsjIj jIj^o *_* s juj^i <jj-<w 

: .iiLj-jl^VL iljUJI ^LUjJI (3 

4-aLpJI JjjlII JLcr.1 4- * '\'' r>^=e-"'-'-'^ Lc^J ,dilJLijJlj cTjlcll^aJI ^ JuJutJI 4- J^Jy '^l^jl^^^l ^-i-Laf 

2j_Jll ^>Jl&j ,PVC Jl dJLlL-u^LjJI <J1jVjj (JlLa LJj-a I *»• La i ■■ Jtj-*-!' <j-a f"J-<-!l 'J 1 -* (j, La «Jj ■> La i uVtj 4_la£^?I (JlLa 

.diL^jvljJIj 4_aLJI jLizI S-LLaJLl! aJlJcTli-uj ^jLijJI I Jl& £jjO i 31 a "■ pjj ^^J^ I -:* : -~' .Bjijiij tfLj-li < a J'-^ 4Jjl^>iJ 

.LJ ^UJI J^lA JL liLiiawVI ^ 
: jlibj ^^JL, ^JjLlJI cLUjJI (4 

.^LjJLI <_jj_ijij )«_Lcj 4_lL^3 <jj_a 4 ajJa (J-«-«J wJj-c -i'j-ll •»■ La ■ ■■ 2 I Jj^ (j^iJu (jLyj (jyJ^jJI (j-a (jL&-i ^>-£> 
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: 4j,„^^jVl SJjUJ! CjLUjJI (5 
L3 ^cl^3^jjVL 4Jj_c. -ilj-U jia-caJI jj^, 1 <j^ ±*->i±3 -C7^^' ^>" <jL*-i (Mf cjLcL-u 8 juj^Air less Gun 

: 4_!\L*J1 ^jILj^uVI CjLjL&jJI (6 
I Jllv lL^JljcIIj Melment 10 c^lciJLI sj>Lsj j^J^-tL-u JA}- o '"^J?J 'V 1 J- 1 - 3 ^.Li*^ 6^'^ t* >( <u1 '-^' 

.4_<_ua \Ji_<a L-llujlI 

JJ 'j-La-> 2JLl«-4 /*-»l-jJ (_j La «"' ^~£>- ,Jij-*-!l p'j-ll Cjjuvl £yi 4_Liia.i.u V I 4_JjL*JI <JljLJLijJI A I JlJcTli-u I JlSUJ 

Jljjij 4_l!lLi.ujij-^3 diljjJb 4 '> j ^— . a 4_jjJ,l jl 4_JL-uj^>JI •*■ La i ■■ (jyic (JJbelu 4_jJI *.LU i La L>- J_Lc J^lLilJI diLjjjjs. 

.oLiaI! (JjLSJLI pgJa-ml! (Jjl pL9.S , U^.^^, (^LiJuj ,^LuJl! Julia j-lC 4JL*^>o J •»■ La i all aLlxl/j 

: (jy Jb La 4JjLlxJI <JljLJLijJI (j^ajl u^s- <Jt'\ (jl 

4_ajjt_iJI - 

4j>.j^Jl!I - 

2 .\,*\\ Jlljil 4_1A^3 - 

4_i£.j_Ljl 2'o>\'~£- > H - 

^-jJaJtliJI 3 aJ2 - 

L^Ll>JI 4_Cj_<_u - 

*>UalJ iULUJI - 

(jj^ieHi! 4_jJbLflJI - 

4-2.u3^UI jljil 4-u.uJ - 

.JJjlUj aIIUI Jlljil 4_u.uj - 
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t^jJlifLt!J3l^-5-10 

I 'ij > .I Vj__ (JjjjlII (JT ijJllj .4_jJaL_l /95 Jl _-Lc j3jj 4_L_ LiToia _;? ^ ai^— ~ ^ya /5 _£-$-? <Jj-*-l _J p^-j 

(^LJLIj __L_Li_Jlj (jlaLijJI -S3-0 ___3 |4J ,JijJ_><JIj ^L_uj_I_J_ (_)___Gj lju_3j ____ (j_a __J_><j La 4J __J_><J 

: ^UIJ>JI ^1-1-5-10 
: Hot Applied <j_»-L__ (j^Uu? __Lc aJjLc _1>a ( 1 

_jjj_L_ (j--. 1 !.Z 4_u.<_u (y-j all I) I i ,l ' : ~'j 1 1 (j-i^ajTLuJIj (_____!! (j-ljOjIu-ulJ __L__L_u _M _)Li_ (JILo pJ-JI I J_fcj 

jlj^a 4__L__>L _j_»-L__ll _--_ _-*-! LaJ I (j-idagTLt-iJI a I Jii— Tn.u I _)~~ < < ' I -^^^ .(^Jjj-^iJJLI ^^c^j-LJI i La 1 3>j (j^^-"-^' 

(ljJLlL-uLo) 4_jJj^3jILljJI '"'I __L>J| Lai Jj _ iS " 1 1 4_<ajL_l 2 II U" , ..Vl i^LjjJ Jijji___jJ.I (J-LjOjIu-iJ I _JI Ajij-hjJ^j 

.__L_L__Mj 4_l__._M •»■ U...VI JLcnV AjieTLi-ur^ aL_=jJ1j (."rlrtniVl £ys jj^"" _pJI Mastic bitumen 

_y_i^>-l (JjO ^tdajTLuJLj 2 L__-l I 4_cvL>.jJI i__LjJ_M jl _L_JI jl ^"u-iaJL __,q.i.ujj 1( Jj_*JI p'j-il aJi_)I jJjO _-Aj 

.__Lo.-U j! (jyjLa^JLI jLiT_- _M *.Ij__ _Ij_Jl! j_l>JI jL__»-_M 3L_.Ij_^ *_<j _ji__4 j_.Lc.i-uj (j"-*-* 3 ujj ^- f$* u^ = 3 

: aJjulII 4_jI^jTll,-I t-jIj-c-II (j-o 4_jL*JI _l_all (3 

(jjO 4__J_»JI 0Jl$J ~-_L-_lJ I 4_J_J_) A_J ^■J^' >l£J-**> -_L_L__tj 4_JLj _lj-<3 *_<J (Jj__U (j-_aj-J-lJI (JjO 7_jlj_i_l _-Aj 

._)^-L_jI /_! aj al _)_i^_a-p-u_l a I >__<__| _-J 4J py-ju-u— Jl I J_fc _)L___ *.' a__ (j - *-^— "-I 

: Jlo 4_jL*J1 _!_oil ^ ^j_-l ftjpl (4 

.jrLLjibl _-i_jJlj! PVC Jl j> ojJLI ^__=lj___>UI Ji-LajJI t^ 5 ^j-- 11 ^ , ^ 1 ~ 

.Aj^aaJ^I 5JjL_ll _l_flll - 
.4_£_U___'I <JjL_!l _l_ai,l - 

.__L_L__VI aIjj-Il-L aJjUJI _ljil - 

■ _>lj_J __]_ajJlj 4_i___=_ajJ_'l _ljJll a I Jii_l_uL iJjLsJI _ljil _ 

.Water Stop <_jj___ j_ljJI aIj_s_L_iL 5JjL_ll _ljil - 

._)_'l_3___U_Mj _J_4_il _L_sl^_lj (____JI _L_sl_a_l _lj-<5 A I jL3e__-U (Jj-*-l - 
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: J>JI jl^ -2-5-10 
: i^^LaJIj J , „^jt I ( j^-a>LijJI (1 

4_^3L>. (^yj-uljjl Jtj-«-!l (JLciilj ' a j t* Jtj-*-!' (JI-4-c-^ ^- J4- : ? ,, -^ ^"m^I *_a ^-jJLc 2*.Lii=Lj a JljcTh-uj <_dJ jj 

.4jvLuji]I dlLaLflJvj 4_liJjj 2 I <Jll Lj I j^>J I J 4_j_l2 2lj dajlj^>JL^3 
<j-a ' ka us\ «LaL^al!1j JJGa 4JL*la <j-=ilji j-f£. 4J$Ja JJ2? «Cu}L^ <jLa (80/70) i^^btJI (j^-a^alijJI La? 

(J-a-C *_a 4J2j3^a j Nl '^ « (j_a *.lj_iiiJI ajj (jj (jyic (JLajJIj (_cjlj-iii]l (j-a (J^J-^H-J' 3^- O- Jl^sLjJI S-'^JJ 

.(J-L3T m**itl Jiic 4_aj}L!l dsLLaLjIo-VI 

: Modified Bitumen Water Proofing Membrane iibji^JI JjjlII <— iVaj (2 

/—JajJI a I ^uLp-'i Ct"v3^H _?' (J "- ""J '■! _9' J~*-'- u ' C7~5^H 7" ' ' ■ L^- a 3-4- 1 ^ T 5 - 1 ' J-"' ^- t -t-->Ji-><-j' (jVajI Jj -i^-— ■ ) 
a I >^-u' (-Ja-JJi *-l9-i-u ^ aTLse 1 1 L^cIojLj (py-u-olll) pe-ii-mlll I A a • La a (py_> i u-L~j) ^j -^ a^) i_^AJl ) pe-L-ui, l Ci-t-u I 
(_>^s' ai- <Jli2i aJJ ■ La *" (j -^ ^-j 4-fl-JI ' pe-L-uXI >^-"' (jr^r' ? = - i l>-'-'' Ji L^-hA- 1 ! C7~5^H j' (J "- "".J '.! 

.^Lftj^l <J1jLu (_<jL>«j aJ^p- ^ j^-— i jjI *^— i j a 

: Cold Applied Bitumen -ijLJI Cy k. jrysj^JI (3 

?.1JLLj ' '" ^*-J (Jj^l (jLc-J- 1 4-"^° ^^Ji? S^' - ' 1 * r ^^~*.' aJlscIL-uJ (_jJ-!I iluJtj>JI 4-!jL*JI .ilji.1 (j-a pJ-iJI I Ji-& Ji-*J 

Ja-aJLll ' ( a ^*-j /_iQji a 

: ^ji! ,'ln,„>LH jSLsj-, J>JI (4 

( _i j I U t 1 ■»■ U , ..Nl (^yic ^j-flJ UJ-t' 1-f.Lu.i-u^LiJ I (j-a 'j-*^ <— iLaJ ^-A 

: Water Stop <— ijlm j^ljil (5 

JU (j-a LJIjIal (j^a^ajj >j^'j-i J^ <J1jI*.jIu L^j j«uj< JU _ 1U (j^s I g '^j-g- PVC Jl (j-a <J1jVjj (j^i fijL-J-C (JT ji 

c_J LiaJl (j-a <LbJiJ>- p'j- 1 ^ ' d '" ^^3^3 i>^ ^^ Cj'! 

jL^j^/l AjL*^- Jj-*-" ' ^ Lajj i»t-^p- LuJS^Ij ,4jvLlxxJI <JliLaL«jvj dsLJljJJI Jl or I 2_ p_aUI t JL& aJlscIL-uj 

JljJjv f->^>3 (j-a ^.L^IuVI Juu Lj-asI I g » ' gs J (*jj t^^p- 4_liJjj ^1 x_a ^jjjIjJI ilajL>JI ?.LSIl!I <LLa-Sj 4^>JLiU5j 

.<JLj<j^>JI (-.i-i^a ?.1_<jI I j" La >-^< a j JoLjJI lLLL-uJ I Jljjv I ^"j;" 1 "' ^J^J^- 1 ^ 3 ^- a (jr^^' 'J Ct-^LP' T^jl > '"ill 
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: Cementitous Insulation ^jILs^Vl 5JjL«JI .sl^il (6 

j_lC 4JLsl^><jj •»■ La i uJI <LaL_a^5 J_i_u3 4-uLL-uJj.^s dsljjJb <j^=j_a <jj!l jl 4_jL-uj^>JI •»■ La i ■■ (jL&jJI I Jui <J1jLjjJjs. 

:£>Ij*1IJ>)I-6-10 

2 Jl£. ^yic Jla2*H£ iiSIill 2jlj^»JI ^j-:^- La? -<^-j-S J^^l Jl <L>-J^ (jylg-^l 2-sLtl jj-o 2jsLc 2jlj_=»JI (JZlu 

: J^l^c 

.2.sLU 4_t_L,Lta - 

J-a-maJI 4s**\-u±ja& < M <i> u - 

{j* La i uaJI (j"*-> 2 51 >-><-j' ''-^J-^ l5>^ ~ 

(j "^— 1 * b Lg-Lu ( a-S-mVij (jIjJl^>JI j_lc (Jiwljjl Jl ^-jL>JI (j^j La-u^a (J Sj " 2jlj_=»JI (jLa (^LJLI 4-JLs. ^_ Lai 

.^jLkJI ,J\ JiJjJI <3_a *LLi tiilji 

[C-LaJtJ ^--g-i-uj L^JI (JT -L«.4 : ) ,2jIj_»Jl! I JLjj>- 4JLSLIJI .iljJU (j^a *.I_Ll!I jL*jvIj '"■ -i uzl I <_jj_La_Jlj 4_jL-u^J»JI Juuj 

<_.i-_<_t-u ^yi^=3^ .2jIj_»Jl! (J-Li^a jUJ I <LuJsj -iij-U <j-a (_i-iTuJ»JI Juu Lg-Lu ,LJ^L>. (j-a (JLflluVu AjjIj^sJI iJaLLaJI 

(j-^jLui s.lj-& cr^ 1 ^-y^^ 31 ^ ^r L^^-^* 1 - 1 Cr^' -Slj-lLs ■* «^-il . .. tljIjLcj s.lj-& (j-a 2.iLU «Lj^IL>iJ La 4_n.uj ^_ tiJJi 

2Jljj>JI .slji.1 (j^s Jl*j «L2^Li-j JijJl>JI (_p-a 4 '\i ,^.tl 2juJ-ii .slj-tl La-Lu (_£jlj_=»JI (_Lu*a^i!l 4jj_Sj Jl*j 

.ilj^a (jt4^ 4_JLc_5 *.Ij-& lj^^^ (j-a / yD <_jjL2j La (jyic 2.sLc ^g^be_i£ 4_JjL*JI ^IjJLI Lai .^jlj_>JI (Jj^ajHi! 

.2jlj_=»JI (_Lil! ij^>- 4jjJsj 

: ^jlj^JI J>tJI ^-^UlJl: jLu -1-6-10 
: Thermal Conductivity (K) ajjIj^JI 4_lL^>jII • 

^_ (3j-^ ^?"_5^ LaJilc 2 JlvjJI L^J=l«kj/j 2 JljvjJI I ^"^-1 1 - ^ 2^La •»■ La 1 ■■ (J^Li- Lj S j -: ^* 2jLU 2jIj^kJI 4jla~=i (JT ji 
JLaHJl J-aTnj V ^pjl 4JL>JI (_,-&) ^jlj^JI jlj3VI ^JLv I^_ 2Jlv_jJI oj\ jJLa 2^UI ^ se La 1 ■■ ^jo 2jlj^»JI (JliLvjJl 

W/m°C L^3jl>-jj (o-aj-II cyic L&ja 2jlj^JI 
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: Density ^ali^JI • 

- . - 3 

Joule/Kg °C LgjJcvjj Aj^Lo 3 JuvIj Ajvj_S fi-SUI £ys p-»^ I <>j1j^>- ^-J-* M*J^ 4-<aj}UI 2jlj^»JI ^"m^ (_yA 

: Thermal Resistance - R ajjIj^JI i^jLSil • 

( ^^j""j ^jlajJtJLI j_lC •»■ La i all Jl Bjlj^ti! (_)l3j_«JLI pgJa-mJI £yi 2jlj_>JI (jLjj_<-u 4_ajLS-<3 (jyic 2-SLtl 3jJl2j i_3j_*j 

.Watt /°Cm 2 L^jJls-jj l^J ajjIj^JI aJl^jIIj 2^UI iiU-m <_,!£. SjsLo ^V ajjIj^JI A_ajLHI 

: iujIj^JI JjI^lJI ^i -2-6-10 
: a_l!Li!I pl_jJVI J! LjJLLc 3j^li.l ajjIj^JI Jjl^sJI < j ■ - S3 <jj=x^j 

. (J^lli-u-iJ^jJ I 7-ljJlj A_jJJl»JLI i_aLjJ^?l flj-11 (_p-« A-tlua * LaJaj 7"tj-JI (jj-*J ! aIL-uLv yi 

CuJzj-ii\ (JILo (_)IijjaJ-<3 (j-La-2 J^~ i "■ (JT icjI <— iLu-LV jl ">J-^> J*^~ ' '"' cr^ 1 (Jj'j^ 1 • 4 -^->>-<- u v-J 

.AjjJlsJLI l-£\^u3 ^Ij OjV^=Lj^Jj_iaJlj 

: lijIj^JI J>JI ^ -3-6-10 
: (^jlj^JI JjaJI 4- 4-UjlL-u11 JiljII ^_&f (^ Li-i2 
: ajjLxJI Jj-*-JI jIjjs -f 
: Perlite e^Vj^JI (1 

(JLCuTu^Ll (JjL^ j_lC ^)J*^~ ljJ i uj wJLs-aj <Lksb. ^i 6 - 1 -'^ A- J Laaj ^Jl^4 (J-aLi- (^L—jjj ?rL>-j <j-C «jLj-C- J-* 

A la g i ■■ ' LJ al Jlj Jj^-—- ^ ' r ' '^J' A->-u-l>. (jjaJI 4_ajji»- B^La 2 J9-*^s ^- ^-H-L> li^*- 

: Vermiculite oj>L^3j-aj^aJI (2 
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I Juv ^J-!i-C- *ji>*- <— '^J-^ 4: J 3> ' a 'J *J-22L^>j' I ^~* J^ ' JJ-"t£ 2jjj-a ^_ j I 4.-*-aV '"'I se La i •■ a ji (JT iijLJ2j aL=j 




.a 



la j i ■■ ' 4_li^3 a 4j«i Jij , 



ja ,4-g-reJv (— aLt-iij 2 Lie-alJ 



-*£a 



j>ji c iy? -v 



: Polystyrene ^^.CuuiA^A\ (1 

: JjiLuLj J^""* 1 ■"■' la .iJualLH ^^^LLcij-jJa-J I ^j-a (j^ 1 9- 1 LA- 1 3jJ a * '' <— '-*£ * xiu^ajJI 4_2j>13 < ( 

E^JbaZLa iliLu-o- 2 Jlc (j_a ;JJ^~ '**' ' i£ )' >** '— Lp-*-">" '— u-t-a (**^ _9-*J • -^>^MaI ( 3£> J -'- tx 4^^H ' * 
Vj)j_*-a j-«^>- 1 <_ijlaJ L>Oj_a_s (J^-£ (jj) (*^J J^""" 1 uJlj . LaLa-! ^ytlLajLiajLa *ua 1 U ! 1 I AjJa.3 

iLtlm^L) t_<JLo aji j_&a : Extruded Polystyrene (J>llU jl (3^^ J^^All (jj^-u^uJ^jJI • 



7-ljJi 2'ok\~^—, £_ p*-—* stLjJ] (*JJ^ ,4^jLLa Lj^L»- ^- -SJ-aHll jL»-!' 4_^a ^jj^~ '_' (jj^-iILtxLjJ^aj 
(_jjiaJ ^-j^a-s 0"*-^ (j4) (*^J J^~ ' " | ^J A a b * a iljL-ulJLa J I I g * La a ,j^~ » 1 ' 3 '-^J * ".' flJ-H 





^jJp-t^Uj-uU (JjiJjl^j (^Ljijj^ l ^.5-^> • J J(J^=-^aJI ^jjpjjJ^ajJLi (Jj) j_*_a j_ajv i <_ ijia : J^-jJ^j-iIuJI 



: Mineral Fibers JLuJutil <_aLJVl (2 
Rock ^rj'-^.^W i aj^aJtj Slag Wool ^ipJI ■ ag-uaJlj Glass Wool ^yvLvjJI ■ aj-uail J.a-.i3 iijLc <_,_& 
oJL= <jjj ,4_aL*J1 Lg.u3 \y>-$ U^ 3 "* 4- -^J-^ oJui «bLij3j .Ceramic Fiber LJaL=xJ1 (_ao^j Wool 
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liLUkU2Ld2j 




^Jl (_gjj>>VI (JliLaLisVI (jiajuj iaLisVLi 4_jjJjLl!I 4_jjL==p_<JI jjje-uajl j-^juaJLa (JjO (j^j se-uaJ I i flj-uaJI * *' ' ■^Jj? 
isjljjs. CjLvj.S (J-q-re-iJ i_al_jJI ^l L$Jb^>iJ ftuu i^^p- lZ)UUj ItOU (J\j 7-jljID BjIjjv 4jvj_5 Jiic \-&j-$ju3 (tuu 

_slj_a iaLisLj Lai LgJLi=j_iiu3 (<vjjj I( jla2JI < aLjJT J^~~ i "■; <2jLlxJI jIjJLI < aLjJT ^j^=xjj . iZoU <_jjL23 

(jr ic JoLioj 4_Lajlj 3_sLa <jj-S (_j a -u jl 4Jj_a L-kjLaJ j| <Ldjua 4_ulu jl <Ldju3 7"l_jil Jj^~ ' "'"'^ ^ * <^»V ^JJ ''""* 
■ {£j^r <s>\\ i_3jj^i]I al Jiiej^uL) (Jj-*-!l <j-« TT^LcJ TtLaisjJ (JO) J (.35) (j^l""— i loJIj .dlLiuj^ J-^-i 1S1 



.cJuLil 2_ Jijjj <La- f n'tt <Luji (jyic i-3LJt (1 

.i-jL-iToJI (j^s ^£3-23 4_gj>Jj LJ j 51 Laa. ^.Z 

J 4ja}Lj ^jjj^— -"t (._ i ( iiLLa lL^jIjj J^Jj-J <LiLu3 diLLa^Lj ^J 








20 "■ 



lO * ' a ■ 3 a ' a II ' 



: Polyure thane ^^.jJI dryjjjj ct-W ^ 

?-ljJi 3.sLc * '< < a3J .4_i_L*_a C-xu-uJb I ^ /jUl-^ Jj^-— l 1 ' (j"^La £j-lj c? - ° -*"""' (J^-LaliJ 4_3e_jjJ 3_sLl I OJJt * '• < aJ 

^JJ^~ U ti-^JJv ,(_LaJtJI f-^a^s ^- £t\3ji^-jJjjJI OLj_j^=uo Jala. Jj^— ■ <a ) Lg-Lu Ljjj=jj_a 2 jU.1 oJui ^j-a 

{^jajj^jJjjJI » : ' <ajj i( jj^=ijJI '2— (_yaL>JI ^Lxa-j^xJI J <~ 1 all] (_JLSJI jJt 4Jj^i -Slj-ll plj-aJI 

4_lL^? ji, I (JSi (j^j (^rHji^^j-jJ-! ^dj'j^* 1 ^' 4 - L ^- l - a 3* ' j-p-^j .4_t-aL>JI o LJ Laj 1 1 umu. BjjJlc (JiiLaLl^ij 



-99- 



Sj^Utl )A?$1\ jJU 104 jaia^HI 




: ^jlj^JI J>JI Cj UVv. * -4-6-10 

: (JT ji (jt j&jJL><JI jjLslI!! (jaJbtA (JjjJ L^j'j-^' (Jj-*-^ 4-ssjV Cj\-A LaH a (jl 

.dilj J^— * 1 ^£5J- a ^o-i '-*d> /5 LP- A,j j j-c (jIjJl»Jl! (R) ajjIj_>JI 4_ajLSJll <^2 (J^j x jl _ 

.dilj (Jj=xJ Aj^jj-a 4^-J-i L*-i>^ Lp-* 3 A; 'J <J- C - ' ^ ^ ' "- ' (R) AjjIj_>JI <LajL2i,l 4-a-t2 J^j V (jl _ 
j_^jv 2I <_jj_LaJI j^j T^j^j-a jl Juv £.l_b J.& 4_j^.jL>JI dajljrti! Jl^ (_£j!jJ>- (Jj- C - (jjU l£A5^ Cr^' (J.3^- >, -" <J-°J 

Ajjlj^>JI 4JLajljL<5 J Ls3J ^-J^>- («-<-" J 4_=3Lkji (JjLsJI (_gj 3e-Li3j| I 3j-«^3j| jjO 7-jJ «LJL». 1 Ju J («_<-U 1U 4_^jL<K-U 

.^uLJl!I jLCmL (Watt /°C m 2 ) cjIj J^=l! aj^Io ^o-* ^j-* 3 Ih-° 2 c^! 

: jJ)U>i ^Lwi -7-10 

AjjIojJIj *L1! ^JjLstJI l\jl\ Ail j^sii - 3 
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erWi * 



rWi 




. VyyL 4_jjLiiJI ■* * j La 1 1 (jlsLjjJI .(jjJljLsJI £jjj u ^'^" (_f,.u.">-. a. .S .4JL-uj^>JI 4-cl_a*a ■* j ISj _ 1 

(_3j_*J.I aLiTu-La .4-uul\-uA\ 2 • it\\\ .jj_p- (J^jLlC. JjjjLs (*--^ ••}■)**■>*- *-'j^^' •Cr^W^' J^j-^"3 _ .Z 

■ 1999.^ j j ;^, i , VL 

.-ZUU4 ,4-*-<jj>- JLuta (j -1 "<~*~ '■<* •*j'j- =>, J' (Jj^ 1 J'L$j'- < hi^ 3L " <_!>*-" > tf ^A' (Jj - * 1 • t ^f^ L3,, <-" <Jj-*-^ _ 3 

.A\J\)5 ,4_*_<jJ>- JlA^ta (j\jux>~ \.A .4_l£.l_u^aJlj AJjLcJlII (— 1 Ll?tUJJ|jJ I j dlLjLlijJI 4-CJj-Uj^5 _ 4 

.Cjjij-u ,4_l*^sL>JI 

■ 1990 ,(— lj^-u ,4_ia^L>JI t_x3ljJI jlj) .<— )L=3j-j ^ylc Jla^c^ .^ .4_u.uL.JiJ I L^jIjLllvIj »1_Ll!I -Slj^o ~ 6 

.-ZUUj ,(jJ>j_M ,(jLc£. .OjLj-- JiA_ta j_u_j .a._. I j 1 a I j -^ j <JliL*_u_,l j,4_jjLiiJVl _.lji,l 4__Li__> (Jji^ _ / 

Materials in Construction. G.D. Taylor, Longman 2000 - 8 
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ub^ai 



4_ajJLa 



-^tSS- 4 - 1 



5 ^LSjJIi^jukJIjL^Vl -1 : ^ISJb-jl! 

/ <LaJiILa -1-1 

/ jjie-LaJI -aL-uJal -2-1 

8 ^jJt-3-1 

10 ^llji jU^f-4-1 

12 f L^=jJi-5-l 

12 , J ^j u sjjj^" ~ 1 ~^~ 1 

13 OjJ)Lua.aj aL=3jJI frl^l -2-5-1 

13 ^L^jJi ^1^-3-5-1 

1 9 <* ^=jji 4- v^j-^ 1 -4-5- 1 

20 f^jji cjVUc^i -5-5-1 

LY ^jjLcjj <Ll!Lml -0-1 

22 ui^VI -2 : 'iuJLijri^^! 

.Z4 Ci-L«a.i-uVI lJijjju -1-.Z 

26 c.-L^ u Vi ^i^ji -3-2 

.Z / (.~i '<<it iiVl (_)^3l ai- -T--.Z 

jU o-Lk-uVI (jjij^>ij -3-.Z 

3 1 2 -ij-^JI ' La ; i a -6-2 

J 1 (jJjLcJJ 4 JTn -u I - /-.Z 
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33 ttuii jijiijbi&uu -3 : touiis^yi 

35 , ui-Lti r \ A 2 A_.Uj -1 -^ 

35 ikiiJi *U ^1^ -2-3 

36 ^LMi ^ijli -3-3 
36 ^lmi ^ijli lJsji^ju -1-3-3 

36 ^lmi ji^ii ^f -2-3-3 

38 odjUSj iii^I -4-3 

39 ttu>N-4 : iuiyisjb-iii 
41 w^-1-4 

41 ^vjLLJI ^L^j^JI ^1^ -2-4 

44 sjiiuasxi ^L^jJkj! ^i^ -3-4 

48 ^L^iJi ^Lia 4. Bjisjii j^LaJI -4-4 

49 odjL^j iiiu.1 -5-4 

5 1 ULijtt I 'iui-JJ -5 : 2L*»L*1 1 3^ ( 

53 ^L^j^JicLJ^-1-5 

53 5jLjijJ>ji (J2j -2-5 

54 <jL_ujJ*ji t_».u» -3-5 

55 ^L^jj^Ji dLsj -4-5 

56 4_iL_ujJ>Jl t-x^Ja -■" -5-5 

57 ^L-ujjJi ^>JL«^ -6-5 

58 (jjjlxjj ilij-u! -7-5 

59 dkJljujkll-6 : 2uoU)l3Jb-yi 
61 jauu , tJ ut j^ti si^i-1-6 

61 ^uuti c-j^kJl ^Li^> -2-6 

62 CT LikJi <_i^kJi ^i^f -3-6 
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64 C7 iAkJi ^^ji ^i^ -4-6 

65 ^l^>ji liiLiij ^^ji -5-6 

65 ^l^j^kJI t_j^k!i ^i_^i -1-5-6 

66 ^L^pji cj^kii ,-,r,j^>^ -2-5-6 

66 ^UujjJi t-j^kii iciiua J^lj-o -3-5-6 

67 ^L-ujjJi t_j^k!i (j^t^ -4-5-6 

68 od; 1 -^ ^-^' -6-6 

69 j^ti^t-7:^UJ!3^t 
71 j^>ji ^!-l-7 

71 j^>ji ^Ll^ -2-7 

72 JtF?^' <— iLaluiiel^l -3-7 

72 j^ji ^iji -4-7 

73 ^~i\ -5-7 
73 L yi-L>J\ ^LcLllo -1-5-7 

73 o-^^ 1 £b^ -2-5-7 

74 ^^u^ji cjVUc^i -3-5-7 

74 ^^Jl ^i^ -4-5-7 

75 ^^u^ji c iy? -5-5-7 

76 oij^i ^-^' -6-7 

77 ^bUJUai dljll -8 : 2*^13^1 
79 5_<3JlL<3 -1-8 

79 jljju>ji ici_L^> -2-8 

oU (_JU^sJI JijJljsJI (_)^l^i- (jr^ 1 CWJ - ^ 5 -" 4-ii.uJ j-U G -J-O 

81 ^Jl^i jujuv -4-8 

83 ju^vij jL^vi jru ii>uji -5-8 

85 4_jJJl*!1 cj^LIjVI JuJcv -6-8 
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86 ^Vi -7-8 

87 (jjjlxjj iilijjl -o-o 

88 UJLaXtj^A jljll -9 : M2l2Jb»yi 

90 .. .A ^l^T-1-9 

90 c -^ jkJI lJi^^; -2-9 

9 1 c_jL!L^>U 4 >n Ml ^^i -3-9 

91 , ,,,^ 1^ 1^-4-9 

92 Uiuaii cjLS^VI -5-9 

93 ...a^i ajU^ -6-9 

94 PVC J^imJi juj^= ^j^i* .'ir.,,aLH -7-9 
94 ^j^ -1-7-9 

94 PVC ^\y^ -2-7-9 

95 PVC ^uij^i^i -3-7-9 

95 ^U-jJi -8-9 

95 ^U-jJIlJl^ju -1-8-9 

95 ^u.jji ^lj^. -2-8-9 

96 ^U-jJi i^Li^ -3-8-9 

97 ^U-jJi ^i^ -4-8-9 

97 ^U-jji £\£] -5-8-9 

98 ^uij^i^Ij^-U-jjiji ^, ^, 1-6-8-9 

99 oij^3 aw -9-9 



100 J>Jlil>»julJUJJI-10:S^iUJI3Jb'VI 

102 ^^UjJIlJl^^-I-IO 

102 (^uuji) UjV! ^ijii -2-10 
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cii:ujJi^?-3-10 

^jjij *Ui jjt^-5-10 
^mj>ji^i -1-5-10 
j>ji ji^ -2-5-10 

^jl^ljj^t-6-10 
^jij^ji jjjji ^_^Ul^jUj-1-6-10 
ajjIj^ji JjI^lJI ^i -2-6-10 

l^jlj^JI J>jl ±\y> -3-6-10 

^jIj^ji j>ji cji, iu-, a -4-6-10 



115 
116 






